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The nature of undergraduate enrollment in engineering 
has raised questions about the ability of the United States to retain 
the leadership necessary to provide for a healthy economy in a 
technological age. Also, some people are concerned that new graduate 
enrollments are not keeping pace with the near-doubling cl the number 
of engineering graduates since the mid-1970s and that more than half 
of doctoral level graduates in recent years have been foreign 
citizens. Motivation and incentives for U.S. citizens to pursue 
doctoral degrees in engineering do not apprear to be sufficient. This 
report proposes ways of thinking about the issues and the effect on 
the quality of engineering education in the U.S. Chapter 1 introduces 
the issues; chapter 2 delineates the historical aspects of the study 
and the demand for engineers in terms of both employment in 
engineering functions and employment of engineering graduates; and 
chapter 3 contains conclusions and makes recommendations. Also 
provided is an executive summary of the findings of this report and 
extensive appendices including five related tables; the agenda of the 
August 1987 Workshop on Indicators of the Quality of Performance of 
Engineers; a list of workshop participants; and seven commissioned 
papers on the quality and performance of engineers. (CW) 
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FOREWORD 



HhB cyclic character of vrdergraduate enrollments in engineering 
over the past 20 years~frxan a peak in the iaid-1960s to a valley in the 
early 1970s and bacJc vp again to a peak in the early I980s~has raised 
many questions regarding the ability of the Ifiiited States to retain the 
technological leadership necessary to provide for a healthy and growing 
eoonoBy, an inproving quality of life for its citizens, and an adequate 
national defense. A further concsem is that, during and following the 
recent near-dcubling of the nuniber of engineering graduates since the 
mid-1970s, graduate enrollments, particularly at the doctoral level, 
hacv^; not shewn proportionate increases. Also, in recent years more 
than 50 percent of doctorsd-level graduates in engineering have been 
foreign citizens. Ihere appear to be insufficient motivations and 
incentives for U.S. citizens to pursue engineering education to the 
doctoral level. 

The issue of the quality of the engineering work force in the 
Uhited states has been a matter of widespread interest, particularly 
for recent entrants. Quality of professioml personnel, particularly 
in so diverse and re^idly changing a field as engineering, is exoeed- 
j^ly difficult to defixie and measure. Anecdotal evidence obtained 
frcni most eaanplqyers of engineers in industry would lead vs to believe 
that the current crop of engii>eering graduates is the best e\'er, al- 
thcu^ there is much disagreement on hew they mi^t have been better 
prepared by their education to meet the needs of various industries. 
Academic institutions also generally insist that their hi^ standarxSs 
for faculty are v^ing maintained. At the same time, many xmiversity 
deans and d^>artment heads have deplored the fact that they often can- 
not ccnpete vdth industr^^ for seme of the outstaniing new doctoral 
graduates and are iiKreasingly forced to fill vacant faculty positions, 
especially at the entry level, with foreign citizens. ih> inplications 
of these factors for the future character and quality of American ei^i- 
neering eduction is xmcertain and is obviously a matter of the utmost 
inportance for the nation. 

Finally, the changing demographics of the U.S. population, with 
the projected decline of the U.S. college-age population and the rela-- 
tive increase within that population of minority groups that tradi- 
tionally have not provided their proportional share of engineering 
graduates, may pose additional challenge for the future of the U.S. 
engineering enterprise. 
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A stu(ty by a cximnittee of the Office of ^^cienfcif ic and Engineering 
Personnel \iaB vtndertaken in response to a request frcn the National 
Science Fcunaation to the National Acadeny of Engineering to e35)lore 
issues of € -'ineering ].abor-inarJoet adjustments and hew they affect the 
quality of the engineering work force* In this report on the study, 
the problems and questiorts discussed above and sane others of a myre 
detailed nature are addressed and illuminated to the extent that data 
were available or oculd be collected within the tiine and resource oon- 
stradnts of the study. Oiere are, however, many gc^ in the data that 
could be gathered and in our understanding of the nature and measures 
of quality in the engineering work force. 

The findings and reccTimendations resulting from the stu^ should 
assist in the formulation of policies arffecting engineering education 
and labor narkets in the near term and in pursuing further many of the 
issues that laist be resolved if we are to meet the challenges of the 
increasingly ccKpetitive technological world of the future. 

Alexander H. Flax 
Hafle Secretary 

National Acadeaooy of Engineering 
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PREFACE 



The Nitiored Scienoe Fcundatiort (NSF) , throng the National Acad- 
eooy of ERjfinBering (N»E) , requested the Office of Scientific and Engi- 
neering Personnel (OSEP) to vmaertaJce an exploratory stud/ of engineer^ 
Ing labor martet adjustawnts and their laplications for the quality of 
the engineering work foroe. Ihe Ontmittee cn Engineering Labor-Msotet 
Ad)\X5t2Dents vas e^pointed to adcbress these issues. This Ocinmittee has 
exercised oversi^ of the stuct/ and has been responsible for the pr^ 
aration of this report. 

THiB strategy adopted by the Ocxmnittee vras greatly inflijenoed by 
the very short duration of the stud^ period. Ihe Ooramittee met four 
tiiaes over the course of 10 months, Ohree briefings were provided to 
the IteKticnal Science Board's Cnrmittee on Eciucation and Hdman Resources 
during this period. OSEP assaibled relevant statistics on the employ- 
inent of engineers in several markets and the changes in their esnploy- 
ment patterns over time. In addition, a vioricshop was convened in 
ALiigust 1987 so that seven oonnissionsd papers could be presented and 
disaissed: three addressed che issue of quality and labor-market 
ad)vistnent8 for engineers in academe, industry research and development 
(RSD) activities, and industry non-R&D activities, re^)ectively; three 
oQier peters addressed the issues of performance and its measur^cient 
feon the point of view of sociology, eooncmics, and industrial organi- 
zation; the final Tpsper discussed advanced manufacturing technology and 
its effect cn the iitilization of engineers (see Appendix D) . 

Ihis r^rt is structured to propose vays for thinking about the 
questions on quality that have, been raised. Chapter I intrtxJuoes the 
issues. Chapter H delineates the historical aspects of the study and 
of the demand for engineers in terms of both eraployment in engineering 
functions and eanployment of engineering graduates. As will be shown, 
there are individuals esiployed in engineering functions \*o are not 
formally trained, or in some cases not even recognized, as engineers. 
In addition, not all engineering graduates at all levels of education 
are tmiversally ear^loyed in engineering functions; some vse their engi- 
neering skills in nonengineering jobs. The third chapter addresses the 
specific issues of quality that arise from the response of enployers 
and employees, both in the short ran and the Icaig run, to fluctuations 
in the market fc^ engineers. It also looks specifically at traditional 
adjustment mechanisms in the markets for engineers and their effect on 
the quality of engineers. Ihe final dhapter draws specific as well as 
general conclusions and makes reccmmendatiors. 

vii 
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EXECUTIVE SUMMARY 



Projected trends have given riLa recently to oonoems about the 
quality of engineering education and the effective utilization of ei^i- 
neers (nonacademic) in Industry at all levels of the profession. Over 
the next 5 years, th*s college-age population will decline and its ccm- 
position vdth respect to gender and raoe/ethnicity will change toward 
grcvpe with historically lew rates of participation in engineering. 
Uhless the traditionally lew rates of participation in engineering by 
wanen and minorities can be reversed, the demand for ei^ineers may hatve 
to be met i^ing nantraditional sources. This may result, therefore, in 
a diminution in the quality of the engineering work force, further 
reducing the long-term international ccinpetitiveness of the Ifiiited 
States. 

The Cenmittee on Engineering Labor-Market Adjustments was ap- 
pointed to address this topic, and it worked to define the issues more 
precisely so as to be able to focus attention on v*iat it believed to be 
ttiC critical elonents of the problea. Hie Ooomittee chose to explore 
the effects of plausible market adjustments to perturiaations in either 
the simply of or the demand for engineers vpcn the quality of "active" 
engineering perfomanoe (i.e. , it excluded fron its considerat:ion those 
with engineering skills v«io were not actively engaged in work requiring 
use of these skills). Bie Oonmittee hoped that, by systematically 
examining these effects, it might be able to identiJ^ critical junc- 
tures in the c^namics of the market place at which appropriate policies 
could either minimize deleterivxis loss in quality or enhance prospec- 
tive quality gadns. 

Because of the growing cccplexity of our society— especially the 
technological changes occurring in industry— the utilization of ei^i- 
necrs in a variety of activities has been increasing steadily over the 
past decade. The heterogeneity of activity greatiy conplicates the 
task of assessing those aspects of demand that may be associated with 
quality. Moreover, the skills required to perform engineering func- 
tions effectively msy be possessed by a wide range of individuals with 
widely differing baeikgrcunds and education. Ihus, the definitions of 
"engineer" and "engineering" have been continuing subjects of debate. 
In addition, seme have questioned v4iether the use of nontraditional 
sources of engineering talent affects the quality of the engineering 
work force, giving rise to arother concern— that is, hew to define 
"quality" itself. 
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:ihe Ocwmittee was acutely aware of the prnblesns that sii^t arise 
frm the existence of a large nuuiDer of possible c(uality attributes and 
the huge difficulty in measuring quantitatV/ely iany of thean in a way 
that would c ontri toube meaningfally to the resoltttion of the issues out- 
lined earlier in the limited time frame of th^s study. On balance, 
therefore, the CSonmittee chose to be less prescriptive about detailed 
primary quality attributes in favor of enjiiasizing the aspects of qual- 
ity pertinent to international oocpetiti^reness—that is, engineering 
productivity, cost-effective manufacturing, and prcxJuct reliability. 

Data conpilation was undertaken with the objective of determininj 
hew the engineering labor loarket has adapted in the past to continuous, 
long-term incn^ases in demand and hew that adaptation process has af- 
fected the characteristics of the engineering work force. The analysis 
oonoentrated on the 1972-1984 time period. 



Findings 

Job Openings 

Job openings can arise frcm growth in ertplqyment (hereafter re- 
ferred to as "new" demaxr!) and frcm separations occurring because of 
death, retirement, or movement from engineering to other fields (here- 
after 3neferred to as "replacement" demand). The Committee examined 
estimates of job openings arising frcm each of these factors over the 
past 15 years and found that: 

^ The number of total job openings — ^the sum of new demand and re- 
placement demand — averaged between 125,000 and 185,000 per 
year. 

• New demand created e^roximately 95,000 jobs annually during 
this period. 

• Attrition, est±nated at an annual rate that ranged between 2.0 
and 5.5 percent for enrtineers, produced frm 30,000 to almost 
90,000 job openings per year. 

• Bie changing age ccKposition of the engineering work force is 
likely to incn^-ase the amount of attrition from death and re- 
tirement in the future. 



Sources of Supply 

Ihe Committee also examined the various sources of simply that 
were used to fill these jcto openings. It found that: 

• Ihe annual number o - new engineering degrees produced at all 
degree levels fell short of the annual number of engineering 
job openings, tut the gap between job openir^ and degrees nar- 
rowed over time. Degree production responded to enplqyitient 
changes, but with a lag. Degree production reversed its down- 
ward trend in 1976 and began to grew rapidly after 1978. 

X 
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• Ntantrzditianal sources of supply—that is, sourcses other than 
new U.S. degree recipients in engineering—were used to fill 
the gap between job openings and new degrees. 

• A significant nontraditicral source of simply was individuals 
with degrees in closely related fields (e.g., chemistry, 
physics, mathematics) . Hhe nuniber of engineers with degrees 
in nonengineering fields rose trm rou^y 130,000 in 1972 to 
approodinately 410,000 in 1982. Ohis may have had adverse imr- 
plications for meeting important national needs involving 
meatibers of these fields, particularly at the doctorate level. 
Ihe s^toiing of these students Into engineering may have 
been partially responsible for the lack of increase in Fh.D. 
degree production e>diibited by these fieLis in recent years. 

• A second isportant nontraditJonal source was foreign-bom 
engineers, ihe percentage of the engineering wric force ^o 
are foreignHxan rose frcm almost 10 percent (about 90,000) 
in 1972 to 19 percent (about 395,000) in 1982. R>reign-bom 
engineers are heavily ooncaitrated among oigineering doctor^ 
ates: the percentage of foreignHxam englneans having doc- 
torates is almost double the percentage of foreign-bom engi- 
neering baccalaureates. Foreign-bom engineers ccnprise a 
high and growing share of this country's engineering faculty. 

• Another potentially irtportanfc nontraditional source of sc^jply 
for engineers, particularly in Industrial nan-2&D activity, 
is the pool of ncndegreed technicians who are promoted to 
engineering activity on the basis of their e>qperiexe. 
Uhfortunately, the CJcmmittee did not have available to it 
estimates of the firaction of tiie engineering work force that 
consists of such ncndegreed individuals. 

• Ih-servioe training of engineers recruited fi?om other disci- 
plines and continuing training of caireer engineers can be 
inportant to fillli^g job openings effectively since they en- 
able firms to fill openings with miniimim loss in perfoinoKmoe 
and they e)q>and the available simply by extending the amount 
of time ca r eer engineers can spend performing engineering 
functions. Uhfortunately, little hard data exist to document 
the extent to which these training mechanisms are used and 
their effectiveness in allowing firms to meet their recruit- 
ment needs. 



Quality 

• Many practitioners from industry consulted by the Oomdttee 
did not believe that the need to fill job openings with indi- 
viduals recruited from nontraditional sources resulted in an 
Immediate reduction in the quality of the engineering work 
force. Althou^ meeting the need in this way involved same 
costs for in-service or career training, the costs were not 
believed to be significant. Moreover, these costs may par- 
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tially be offset by the lower salaries frequently paid to 
engineers vdth degrees in other disciplines. The Qsnmittee 
esphasizes, hcwever, that this cx^nclusion is based largely on 
iDPpressionistic evidence rather than en hard data. 

• Sane practitioners from academe believe that the growing need 
to fill faculty positions with foreign-bom engineers is not 
r» major cause for ocnoem. By and large, these new faculty 
iiv.aihers are strong in their research capabilities, althoui^ 
concerns were expres&ed abcxxt possible liioitations that mi^t 
e:>d8t in the teaching ca^>abilities of soDoe becaxose of Ian- 
guajf> difficulties or cultural attitudes. Here again, the 
Oontimittee wishes to en^iiasize the lupressionistic nature of 
this evidence. 

• Ihe Coaomnittee strongly believes that the growing prcciinence 
of the foreign-bom on engineering faculties is synptonatic 
of ei more fundamental problem: the apparent unwillingness of 
American engineering students to choose careers in engine 
incT that re^iire the doctorate. 



The FatuTB 

m Production of netw engineering baccalaureates is ejqpected to 
peak in 1986. Baised on current trencSs in engineeriiig firesh- 
man enrollinents, the number of bachalor's degrees produced in 
tl^e year 1990 is e>^cted to decline fraa its 1986 peak to 
1983 levels. Whether the downward trend will be reversed 
beyond 1990 will depend on futura trends in freshman enroll- 
ment. Ihis enrollinent is generally sensitive to perceived 
enployment opportunities and business conditions. 

• nie number of job openings arising from attrition is expected 
to increase over the next 15 years because of the increased 
number of engineers approaching retirement age. The effect 
of these anticipated retirements may be partially post^xaned, 
Jicwever, by the iTtpact of the recently passed oongressionsil 
bill abolishing mandatory retirement in most occi:pations and 
by other factors such as the inproved heedth condition of our 
population. 

• Job openings arising from growth in engineering employment 
can be expected to continue, edthoui^ several factors — such 
as recent downsizing of technical work forces by a signifi- 
cant number of large firms in response to cooopetitive pres- 
sures and recent technological developments in the areas of 
computer-assisted design, conputer-assisted manufacturing, 
and artificial intelligence—may operate to daitp errplqyment 
growth rates. 

• Given the e^q^erience of the last 15 years and expectations 
about the next 15 years, the Committee coricludes that the 
need for engineers will continue to be met in part by reli- 
ance on nontradicional sources of simply and in part by more 
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effective utilization of the e55)erienced engineering talent 
pool. 



Pecx^jmei}dations 

Based on these findings, the CJoaranittee offers the following recom- 
mendations: 

• Both the Administration and the C3angress should take steps to 
assure that the recruitment of foreign engineers is not made 
more difficult than it is new. These engineers are an essen- 
tial source of simply, especially to academe, and can be ex- 
pected to continue to be such a souroe until more American 
students are persuaded to pursue doctorates in engineering. 

• St^ should be tt^ien to encourage more American students to 
pun ^ doctorates in engineering. One proanising mechanism 
for '^diieving this objective is to increase the number and 
stipend size of fellowship and assistantship si?:port provided 
ty the federal go^/emment. Another is to increase the amount 
and quality of equipment available on cairpuses for engineer^ 
ing research. Yet another is to reduce the amount of effort 
and the range of uncertainty that exist in securing federal 
research si^sport. Finally, industry should reinforce the 
iirportanoe of graduate education for U.S. students by pro- 
viding rewarding job cpportunities and careers to engineers 
having graduate degrees. 

• St^ should be taken to deepen the pool of students with the 
backgrounds necessary for pursuing careers in either science 
or engineering. Important mechanisms for achieving this ob- 
jective include (a) iupxveanent in the amount and quality of 
science and mathematics education given to stidents in ele- 
mentary and hi^ school and (b) encouragement of an increas- 
ing number of students vSio are women or members of xmderr^ 
resented racial/ethnic minority groups to select engineering 
as their careers. 

• Federal policy should be conducive to the continued and more 
extensive use of in-service and continuii^ career trainirg ay 
industries firms. Engineering societies sliould consider re- 
quiring continued education for professional engineers to 
retain their licenses. 

• Federal policy should encourage the adoption of infonration 
technology in engineering functions in order to be able to 
mate more effective use of the existing engineering work 
force. 

The Cimlttee feels that a considerable amount of fund^amental re- 
search will be necessary before creditable indicators of engineering 
productivity will be available and before the determinants of engi- 
neering productivity are better known and their iirpacts more ifully 
understood. Ihe paucity of solid data required to assess the qualita- 
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tive inplicatians of market responses to inca^eases in the cJemand for 
engin^rs limited the scope of the Ooitmiittee's e)caminationt Thus^ the 
Committee reocranends tlie following topics for further research: 

• More information and research is needed about the utilization 
of engineers in industry. Little is kncwn at the present 
time about the inpact of measures taken to inprove ind^istrial 
ccnpetitiveness on the activities and the productivity of 
engineers. 

• More research should be conducted on the determinants of re- 
tirement and career choice decisions in order to understand 
better the inplications of existing and future demogra^iiic 
patterns. 

m More information is needed about the extent and impact of in- 
service and continuing training p rogr a ms and hew they intei> 
act with the rapidity with \Aiich skills, learned vAiile 
acquiring the engineering degree, becone obsolete. 

• Our ability to formulate effective policy with respect to the 
education and utilization of engin^ars requires better under- 
standing of current and future job openings, their determi- 
nants, and the types of skills required to fill them effec- 
tively. Our inability to ccrapile appropriate information to 
illimdnate key issues arises in large part from the sporadic 
and discontinuous attention that has been given to them in 
the past. 

• We should learn more about the management of the engineering 
function in industry, the incentives applied to encourage 
better engineering education, and the e^licability of post- 
g^duate engineers in industry. Case studies of these topics 
would be appropriate. 

• Computer science and engineering manpower data should be more 
carefully prescribed and collected. 

• More information is needed on individuals vftio do engineering 
work, but \ihD have no engineering degrees. Special studies of 
this grot?) would be worthv*iile. 

• The Committee recommends deeper studies of the quality of 
engineerii^ work produced by degreed engineers as oonpared to 
that of nondegreed workers. Ihe feasibility of such studies 
should be assessed. Scaoae occparative international data may 
be available, and further stidies in these areas should be 
stimulated, espacially in view of the conoems over interna- 
tional corpetition. Ihe relative number of engineers used by 
our strongest industrial competitors should also be studied. 
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I. THE PROBLEM 



The recent National Eesearch Ocwncil stucfy, The Impact of De- 
fense SpendiDg on Nondefense Engineering Labor Markets, assessing the 
effect of defense esqpenditures on demarri and si^^ply for er^ineers, oon- 
clxided that there yaaa no evidence of a deleterious effect on the civil- 
ian sector from the e35>anded defense needs for engineers in recent 
years. Ihat r^rt, however, did not arWrftss a related critical issue 
—i^ether the defense sector, with its eccranic advantages of plentiful 
funds and the attractiveness of its state-of-the-art research and de- 
veloponent (R&D) , ini^t have inaioed an undue share of "the best and the 
bri^test" to join it, le^wing civilian enterprises to suffer frx^ci less 
creative talent. Earli'ir studies had also concliided that shortages 
were not a major ptxableru but had raised questions about ttie quality of 
engineering educa t ion and the effective utilization of er^ineers in 
industry (nonacademic) at all levels of the profession.-'- 

Over the next 5 years, the college-age population will decline, 
and its ocnposition with respect to gender and race/ethnicity will 
change toward groups with historically low rates of participation in 
CTgineering careers. As a result, the simply of engineers graduating 
frcm college may also decline, perhaps quite markedly. There is con- 
cern, therefore, that unless the traditionally low rates of participa- 
tion in engineering by wcmen and minorities can be reversed, the demand 
for engirssers may have to be met using nontraditional sources. Ihis 
inay result, therefore, in a diraunition in the quality of the engineer- 
ing work force, further reducing the long-term international ooitpeti- 
tiveness of the Iftiited States. 

In the face of a shortage in the simply of traditional engineers 
— ^that is, U.S. citizens vAio have degrees in engineering fields — indus- 



See QMndttee on the Education and Utilization of the Engineer, 
Commission on Engineering and Technical Systems, National Research 
Council, Engineering Education and Practice in the United States: 
Foundations of Oir Techno^Econcmc Future, Washir^ton, D.C.: National 
Acadeity Press, 1985. Other recent publications—for exairple, the Gov- 
emment-University-Industry Researcjh Roundtable^s Nurturing Science 
and Engineering Talent: A Discussion Paper, Washington, D.C.: Na- 
tional Academy of Sciences, 1987, and those from the Office of Itedinol- 
ogy Assessment and the National Science Foundation's Division of Policy 
Research and Analysis— have also discussed these issues. 
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try turns to other scuroes of simply. For exanple, oocpanies hire an 
increasing number of non^.S. citizens, or th^ hire individuals with 
nonengineering degrees (particularly those in closely related plr/sical 
science fields) and cross-train them in those aspects of engineering 
that can be easily assimilated, or they vpcjrade tedhnicians to do engi- 
neering work. Does this \ase of nantraditional sources edffect the qual- 
ity of the engineering work force? Taie answer to this question will 
dqpend on a number of factors, inclxxiing (1) the definition of quality, 
(2) the assessment of particular engineering functions and skill re- 
quirements, (3) the depth of the pool from v*iich these nantraditional 
sources of si?3ply are drawn, (4) the quality of the on-the-job train- 
ing, and (5) the ability of our educational systean to adjiast to varia- 
tions in engineering activities and skill requirements over the long 
run. 

The Ocanmnittee recognized at the outset that the issue of quality 
and hew it mi^t be affected py labor-market conditions is extraordi- 
narily ccnplex and involves factors that are, by their nature, hi^y 
subjective. It, therefore, worked to define the issues rooxe precisely 
so as to be able to focus attention on vAiat it believed to be the crit- 
ical elements of the problem. Three issues needed attention in this 
connection: the definition of an engineer xjsed in this report, identi- 
fication of relevant factors of quality, and delineation of the types 
of labor-itorket adjustments to be considered. Putting these three 
items—the engineer, the quality of the engineer, ajid market adjust- 
ments—together, the QOTriittee chose to explore the effects of plau- 
sible market adjustments on the quality issues related to "active" 
ergineering performance. If one looks at these effects systematically, 
it may be possible to identify critical junctures in the d^rnamics of 
the market place at which s^ropriats policy inputs can either minimize 
deleterious loss in quality or enhance prospective quality gains. 
I^us, the Ccanmittee's goal was not to catalog the events, but rather to 
f jcus on policy implications in the hope that a better understanding of 
tnese events would inprove the ability to formulate effective actions 
for iinpravir^ productivity, stimulating new product innovation and 
develqprtient, containing costs, and ultimately enhancing the interna- 
tional oonpetitive position of the iMted States. 



Defining the Engineer 

Because of the grcwijig ccanplexity of cur society— especially the 
technological changes that are occurrir^ in industry— the utilization 
of engineers has been increasing steadily over the past decade. Ihe 
demand for engineering skills, however, is spawned by a wide variety of 
activities that has broadened the range of skills considered as engi- 
neering. Thus, engineering is not a homogeneous activity, and the 
engineer is not a homogeneous bundle of skills. Engineers perform as 
professionals applying their skills in the manufacturing sector on the 
factory shipping dock; on the factory floor in product testing and re- 
finement, design, new product innovation, and application research 
based on new technologies; and the discovery of new fundamental knowl- 
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ecJge. Engineering si?3port is necessary in quality cxantrol, statistical 
analyses, marketing functions, sales, and service of installed eqoip- 
mant and systems. In the nanmanufacturing sectors (such as electric 
utilities, ocnanunication systems, and transportation systems) , as well 
as in the government and military, engineering skills are inportant in 
design, ocnstructicn, medntenanoe, scheduling, and operation. In aca- 
deme, engineers devote their professioral esqjertise to ptoBuits in edu- 
cating future engineers and developing new knowledge in research lab- 
oratories. This heterogei^ty of acfdvity and the diversity of the 
skills required to undertake these activities greatly occplicate the 
task of assessing those aspects of demand that may be associated with 
quality. 

Ihe skills required to perform engineering functions effectively 
may be possessed by a range of individuals with widely differing back- 
grounds and education. Hie si?3ply of individuals in engineering can 
enocrapass scrae individuals trained as technicians; those v4)o received 
engineering degrees at the bachelor's (the normally accepted profes- 
sional degree), master»s, and doctorate levels; scroe educated in re- 
lated disciplines such as pt^ics, chemistry, or mathematics; and seme 
who receive on-the-job training within businesses and industry. Ihe 
simply of engineers from U.S. colleges and xmiversities has shown 
cyclical variations over the past several decades around a generally 
increasing trend. These shifts appear to be the result of shifts in 
the industrial demand for engineers and the associated e35)ectations of 
entering students with respect to job opportunities and salaries some 
years in the future.^ 

The definition of an engineer has been a continuing subject of de- 
bate. ^ The Nationed Science Foundation has, for purposes of its data 
reporting efforts, defined an engineer as one vho (1) has an engineer- 
ing degree, and/or (2) is performing an engineering function, ai^or 
(3) is professionally identified (self-identified) as an engineer based 
on total education and work e3?)erienoe. This all-encxxrpassing defini-- 
tion of an engineer is ocnvenient in collecting, aggregating, and re- 
porting data. The resulting aggregation, however, can include many vho 
call themselves engineers tut vAio are no longer actively involved in 
engineering work. 

An alternative scurce of information, the Bureau of Labor Statis- 
tics, collects data describing those vho report ertplpyment in an engi- 
neering occupation. Estimates of the number of engineers derived from 
these data are likely to be too narrowly circumscribed. They will 
exclude individuals with engineering degrees vho are enplqyed in rvDn- 
engineering occipatians that require engineering skills—for exanple, 
ooci?)ations that are a part of managerial, marketing, or production 
activities. The Committee estimates that ar^rvAiere from 30 to 70 per- 



'J 

Glen Cain, Richard B. Freeman, and W. L. Hansen, Labor Market 
Analysis of EngiJiBers and Technical Workers^ Baltimore: Johns Hopkins 
University Press, 1973. 
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cent of those with degrtees in engineering are performing jobs that are 
not classified as engineering' jobs.-* 

The C3cBrardttee modified NSF data to conform to a d.fferent defini- 
tion of an "active" ei^ineer, adapted firon the earlier report by the 
Oonmittee on the Education and Utilization of the Er^ineer: 

Active Engineer: A person meeting at least one of the 
follcwii^ conditions; 

o actively engaged in engineering, 

o actively engaged in engineering education, 

o qualified as an engineer and actively engaged in such 

functions as engineering, engineering management, or 

engineering administration, 
o registered or licensed as an engineer by a government 

agency, or 

o currently or recently eaiployed in a job classification 
requiring engineering work at a professional level 

\Aiere "engineering" is defined as: 

business, gav/ejmniEnt, academic, or individual efforts in 
vMch knowledge of mathematical . physicsd, anchor natural 
sciences is eitployed in research, developraent, design; manu- 
facturing, systems engineering, or techniccil operations with 
the objective of creating anc^^or delivering systons, prcxi- 
ucts, processes, and/or services of a technical nature and 
content intended for -use. 

Ihe irttent vas to include only those individuals too contribute con- 
structively to the engineering output of the Iftiited States, Ihtas, for 
this stucfy, ^ estimates of the number of individuals who satisfied the 
NSF definition hut v4io also r^rted that they were eitployed in scien- 
tific or engineering activity were selected as the best available 
approximation to t2iis concept.^ 



The Quality of the Engineer 
The definition of "quality" is even more tenuous than that of the 



See James F. lardner, "Performance of Scientists and Engineers in 
^on-R&D Industries," i^pendix D. 

Committee on 'jhe Education and Utilization of the Engineer, 
Engineering Infrastructure Diagramming and Modeling^ Washington, 
g.C. : National Academy Press, 1986, p. 11. 

Examination of the data reveals that, for the 1972-1986 period, 
roij^y 7 percent of those classified as engineers by NSF reported that 
they were not enplqyed in scientific or engineering activities (see 
Appendix A, Table 1, page 45) • 
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'•active" engineer. Quality is a hi^y subjective concept. One can 
itemize a long list of potential quality indicators, ranging from itvea- 
sures of individual adiieveraent (e.g., performance on nationally recog- 
nized tests, honors, class rank, career development, salary growth, 
papers ptiblished, and patents issued), throu^ academic institutional 
measures (e.g., quaJ.ity of student body as a whole, perceived quality 
of faculty and/or the coarse of instruction) , to c±taracteristics of the 
employing institution (e.g., evidence of innovation and creativity as 
express in the total of the institution's patents and publications 
and of success as measured in market share or in product cost and reli- 
ability) , ^ and finally to intematxonal measures (as r^resented, for 
exaitple, in international market shares, relative production costs, and 
perceived quality per price) . 

At the outset the Occciittee vas acutely aware of the problens that 
mi^t arise from the esdstence of a large number of possible quality 
attributes and the difficulty of measuring any of them meaningfully in 
the limited time frame of this study. On balance, therefore, the Ooro- 
mittee diose to be less prescriptive about quality attributes in favor 
of eitfjhasizing seme of tl*e aspects of quality pertinent to interna- 
tional ^ cca[ipetitiveness-— engineering productivity, cost-effective manu- 
facturing, and product reliability. In particular, the Committee ap- 
proached the quality issue in terms of the relative cost-effectiveness 
of filling engineering jobs with workers having alternative bundles of 
skills. 



Market Mjustments 

It is helpful to recognize that labor-mcirket adjvistments reflect a 
'^aiainic process involvii^ a constantly shiftily set of individuals and 
conditions. At any one time, a stea:?y state set of conditions can be 
defined—conditions that in the absence of tmusual market pressures re- 
sult in a state of 2qppro>dmate balance between the number of individu- 
als seeking enplcfymant and the number of positions available. The ob- 
ject of this stucfy has been not to study the total steady-state market 
in all its ocwplexity, tut rather to explore the possible interferences 
with^ the steady-state market and the changes forced by any number of 
possible perturi^aticns leading to a new steacty state. These incliade, 
for exaitple, economic recession, shifts in national priorities (such as 
the defense buildt?)) , sizable demographic changes, and the intrxxiuction 
of nev teciinologies resulting in new major priorities (e.g. , space) or 
in new consumer demand (e.g. , VCRs and PCS) . 

A wide variety of possible market adjustments exists to accommo- 
date increases in the demand for engineers. For example, managers can 
hire more engineers, decide against engineering-intensive projects, go 
off-^ore for engineering talent, tap foreign sources of engineers, 
hire more Americans to do ttieir engineerir^ work, invest more capital 
in work stations to amplify output of current staff, and upgrade cur- 
rent scientific and technical personnel. Ihe Committee considered the 
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quality iitplicsations of as many market adjustments as was possible in 
the time available. 



Infilling the Task 

Putting these three items— the engineer, the quality of the engi- 
neer, and market adjustments — ^together, with all the cacveats mentioned 
above, the Coomdttee chose to e^qjlore the effects of plausible market 
adjustnents on the quality issues related to "active" engineering per^ 
formancse. It hoped that, by looking at these systematically, it would 
be possible to identic critical junctures in the <^namics of the 
market place at vdiich e^ropriate policies could either minimize loss 
in quality or enhance prospective quality gadns* Uius, the Ooramittee's 
goal was not to catalog the events, but rather to focus on the quality 
inplications of events in the hope that a better vmderstanding of these 
events would iirprove our ability to formulate effective actions for 
inproving productivity, containing costs, and ultimately enhancing the 
intemation£d cotpetitive position of the United States. 
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11. THE MARKET FOR ENGINEERS: RECENT TRENDS 



Ihe data conpilation summarized in tlos chapter was vindertaken 
with the objective of determining how the engineering labor market has 
adapted in the recent past to changes in demand and how that adaptation 
process has affected the ciiaracteristics of the engineering work force. 
The analysis concentrated on the time period extending from 1972 to the 
most recent year for vMch data were available. This particular period 
of time was chosen for two reasons: 

(1) The data available for this period—especially those 
ccmopiled_ by the Division of Science Resource Studies of 
the National Science Foundation (NSF) — are considered 
tc be well-suited to the analysis of the workings of 
the engineering labor market; and 

(2) It spans a period during vMch engineering si^jply and 
demand changed significojitly. 

Ideally, it would have been desirable to study both rising and falling 
martets, but the period examined represents a time of alitost continuous 
strong increase in engineering employment. 



Demand for Engineers 

There are a variety of ways of definirg "demand" in labor 
markets. Use of total employment as an indicator of demand presented 
problems to the Ccaranittee because, as eoonamic principles of markets 
suggest, changes in employment can reflect either shifts in a demand 
function along a given si^jply function, or shifts in a si;53ply function 
along a given demand function, or combinations of both. Moreover, vise 
of employment as an indicator of demand assumes either that there are 
no unfilled job vacancies or that the filled positioni: all represent 
employment necessary to the employer. 

^ Given the difficulty of being able to attribute employment changes 
uniquely either to demand factors or supply factors and given the lack 
of meaningful data on job vacancies, the Ccnimittee concentrated on the 
number of job openings arising from employment growth and separations 
from the engineering work force. Job openi:^s arising from growth in 
employment are henceforth referred to as "new" demand. Separations 
occurring because of death, retirement, or movement fton er^ineering to 
other fields produce job openings that will be referred to as "replace- 
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itient" demand* Ihe C3cKimittee examined estimates of these demands over 
thfci past 15 years and found that the sum of new demand and r^lacement 
demand averaged between 125,000 and 185,000 per year. For a number of 
methodological reasons discussed below, this range is probably an vpp&r 
bomd on the true nuriber of job openings that occurred annually during 
this period. 



New Demand 

New demand for engineers may result from an increase in economic 
activity — for exairple, as a conccmitant of population growth — ^and from 
t:ie grwing technical ccnplexity of the nation's industried structure. 
Hie former represents eirployment growth that arises siirply because emr 
plqyers of engineers require more of all resources to prxxJuce a larger 
out^xit. Ihe latter is reflected in increases in the proportion of the 
enplqyed work force r^resented by engineers. This latter increase may 
have occurred either because of a greater need for the problem-solving 
skills and training of engineers or because more engineers were avail- 
able throu^ iiicreased supply, and these individuals are attractive 
resources for mary kinds of work. 

Enployment of engineers rose substantially from 1972 to 1986. Ac- 
cording to NSF data, enployment increased from almost 900,000 to over 
2.2 million, an average growth rate of almost 7 percent per year (Fig- 
ure 1).^ Employment growth averaged over 8 percent per year for the 
1972-1978 period; it dropped to 6.3 percent per year for the 1978-1984 
period and to 4.2 percent per year for the 1984-1986 period. Based on 
these data, the Ooacnmittee estimates that new demand created an average 
of appnadmately 95,000 jobs annually for the years 1972-1986.^ 



Replacement Demand 

Attrition, estimated at an annual rate that ranged between 2.0 and 
5.5 percent for engineers, produced from 30,000 to almost 90,000 job 
openings per year. The Committee estimated that, d^nding on ^ther 
movement to administrative occiqpations was treated as a mcfvement out of 



This estimate of enployment growth is based on estimates of the 
number of employed engineers (using NSF's broadei' definition of engi- 
neer) v*io reported that they were working in a position that was re- 
lated to science or engineering. 

The Bureau of Labor Statistics (BIS) reported a much smaller in- 
crease in engineering enployment— c bout 600,000 from 1972 to 1985. 
This represented an average annual growth rate of 3.1 p-^rcent. The 
rate was sli^tly faster between 1977 and 1980—3.6 percent; it was 
much slower from 1980 to 1985—2.1 percent. As noted in Chapter I, 
however, the BIS estimates are based on a much narrower, ooa^jational 
concept. They are therefore not cotrparable to the less restrictive NSF 
estimates. 
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NOTE: See Ji^ppendix Table 1, page 45. 

Figure 1. Enplpyrrent of engineers, selected years, 1972-1986. 



engineerijig, rou^y l.o to 4.5 percentage points of this annual rate 
Of attrition were separations caused by the outflow of engineers to 
SS^Sit.'^ ' ^ separations due to 



believes, however, that the method used to develop 
ti^ estimated rates makes the 5.5 percent estimate an upper bound 
tte actual rate ofsQ)aration. Ihese rates of occupational separation 
^ overstate attrition for two reasons. The first^plies 
particularly to engineers who report that they have noved to no^i- 
mering occupations in which their responsibilities require engineSig 
S (e-g-' managing R&D activity) . Although such individuals should 
If 5lv°°^2^^*..,^^^^°^ .engineering, they are so classified 
It report their new occt?ations as nonengineering ones. The 

s^OTd reason is methodological. Occtpational changes can also reflect 
reputing error with respect to the oco^ational item on the survey 
questionnaire, rather thin true occupational mobility. 

separation rates were derived from the National Science Founda- 
m?F fln fJ^^^^"^ Mobility of scientists and Engineers 

(NSF 80-317) , Washington, D.C.: U.S. Government Printii^ Office; 1980, 
ml SLF^^? 1972-1978 and from unj^blished OSEP tabulations of th4 
ei^ienoed scientists and engineers. If movements to 
ooo^ations are included in the estimates of attrition, 
2^*- "^"^^ estimated oco^jational mctoility rate of 4.25 per- 

S2L^ ^® ^^^^ produces an estimated rate of 4.6 percent, if 
^ movements are excluded, the rate drops to appro>dmiSly 1 per- 
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Figure 2. Peroentage of enployed engineers v4ao were 55 and over, 1972 
and 1982. 



The changing age ccnposition of the engineering vrork force is 
likely to increase the amount of attrition from death and retirement. 
The fraction of thio work force above the age of 55 Increased fron 12.7 
percent to 17.8 percent between 1972 and 1984 (Figure 2). This ijicrease 
in the proportion of older engineers, together with the greatly in- 
creased size of the engineering work force, suggests that the nuniber of 
separations fixm the engineering work force due to retirement is li]cely 
to increase dramatically during the next decade. Therefore, r^lace- 
^oent demand is e:qpected to rise sharply in the years ahead. 



New Degrees^ 



Su^ly of Engijipj^ 



The annual nuniber of new engineering bachelor's degrees declined 
frcm 1972 *-o 1976 but Increased dramatically (at an average annual rate 
of more than 7 percent) between 1976 and 1985 (Figure 3) . 

The demographic dianges that occurred over this period appear not 



The analysis of new degrees is rejtricted to engineering bacca- 
laureates in order to avoid double-ojunting of those bachelor's recip- 
ients v*io ultimately acquire degrees in engineering at the master's and 
doctorate levels. This restriction results in some landerstateraent of 
new postgraduate degrees received by individuals with undergraduate 
degrees in nonengineering fields. 
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NOTE: See i^pendix Table 3, page 46. 

Figure 3. Total nuitiber of bachelor's degrees in engineering granted, 
1972-1986 • 



to have been the major inflvienoes on the simply of new engineering 
degrees—particularly at the bachelor's degree level. Other factors 
operated^ to increase the share of the talent pool taking degrees in 
engineering. One of these nondamographic factors was an increase in 
estiitated college enrollinent rates. The nurtiber of college enrollments 
per 100 18- to 21-year-olds rose fron 59 in 1972 to 81 in 1986 (see 
Figure 4).-*-° Another nanderaographic factor was an increase in the 
percentage of college freshmen \iho are enrolled in engineering pro- 
grams. This percentage rose fron 2.4 in 1972 to 4.5 in 1985 (see Fig- 
ure 5). 

The Ccaranittee notes that the rate of increase in engineering bach- 
elor's degree production was greater than the rate of iixairease in bach- 
elor's degree production for all fields. Thios, ergineering increased 
its share of total degree production at this degree level. The Caranit- 
tee believes that scffne fraction of this increase may have come frtan 



Evidence si^jporting the conclusion that college enrollment rates 
were rising can be seen in the "college continuation rates," estimated 
as the number of first-year college enrollments per 100 hi^ school 
graduates in the preceding year. This ratio rose from 75 in 1972 to 83 
in 1984. Thus, althcw^ the number of hi^ sdiool graduates has de- 
clined substantially since 1972 (particularly since 1981), first-year 
college enrollments have risen sli^tly over the period (althou^ they 
have been declining since 1981) . 
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WfTE: See Appendix Table 3, page 46. 

Figure 5* Engineering freshman enrollitvent per 100 first-year under- 
graduate enrollees, 1972-1985 • 
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students vto wculd otherwise have acquired degrees in closely related 
fields of science—for example, chemistry, physics, and mathena- 
tics. Since a leirge fraction of the doctorates granted in these 
science fields are awarded to individucds vAio took their urriergraduate 
degrees in the same fields, the ability to fill the engineering job 
openings by increasing the nuitiber of new engineering bachelor's degrees 
may have cone at the immediate ei^jense of bachelor's production and, 
subsequently, doctorate production in closely related science fields. 

Freshman engineering enrollment is a strong harbinger of engineer- 
ing baciielor's degree production (see Figure 6 and i^^pendix Table 3). 
About 93 percent of the variation in engineering bachelor's degree pro- 
ducticai between 1972 a. -i 1986 was associated with variations in fresh- 
man engineerii^ enrollments, 1968-1982. Based on these enrollment 
trends, therefore, the Cianmittee expects engineering bachelor's degree 
production to have peaked in J986, after vMch it will decline until at 
least the end of this decade. 

Tt\B Committee also notes that, despite the significant increase 
that has occurred in engineering degree production, iirportant indi- 
cators of academic achievement for engineering students~hi^ school 
g^ade-DQint averages (CPAs) and Graduate Heoords Examination (GRE) 
scores —have not displayed strong downward trends during this 
period, <athough hi^ school grades declined between 1978 and 1984 
(Table 1) and may now have stabilized. 

One implication that eroerges froti the analysis summarized above is 
that, for the period 1972-1984, the average annual numbers of job open- 
ings for engineers exceeded average annual production of newly degreed 
engineers. Thus, these job openings must have been filled by relying 
on nontraditional sources of sv^iply (e.g., individuals with nonengi- 



The basis for this assunption is the relatively constant share of 
bachelor's degrees awarded in the fields of physical sciences, mathe- 
matics, and engineering. This share fell between 1972 and 1975 fran 10 
percent to 8 percent. It remained at 8 percent in 1976 and 1977 and 
rose from 8 percent to 12 percent between 1978 and 1982. The positive 
correlation over this period between this share and the share of de- 
grees awarded in engineering fields indicates that variations in engi- 
neering degree production did not occur entirely at the expense of 
degrees in closely related fields. See National Science Foundation, 
The Science and Engineering Pipeline (PBk Report 87-2), Washington. 
fjC: NSF, i^ril 1987. ^ V I, ^Ti^, 

Given past relationships between engineer^Jig freshman enrollment 
and the number of engineering bachelor's degrees granted 4 years later 
the projected decline in bachelor's degree production can be ejq)ected 
to be less dramatic than the 4 percent average annual rate of decline 
g enrollment ejqperienced since 1982. 

The GRE scores are for the quantitative reasoning portion of the 
test and include test-takers planning to pursue further study in enai- 
neering. ^ 
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"I ' 1 ■ r 

1972 1974 1976 1 978 1980 1982 1 984 1986 

Year 

* Enrollment 4 years earlier. 

NOTES: See ;^3perdix Table 3, page 46. 



Figure 6. Engineering enrolliaents and bachelor's degrees, 1972-1986 • 



TAEIE 1: Hi^ School Qrade-Point Averages, Mean Scholastic Aptitude 
Tfest (SAT) Scores, and Mean Graduate Records Examination (GRE) Scores 
for Engineering Students, Selected Years, 1972-1986 



Year 



Percentage with 
A or B Averages 



Mean SAT Scores 

Verbal Quantitative 



Mean GRE Scores 
on Engineering 
Subject Test 



1971-72 


61.7 


* 


■k 


* 


1974-75 


63.6 


* 


■k 


583** 


1977-7S 


69.8 


448 


540 


594 


1980-81 


66.6 


446 


534 


590 


1982-83 


64.8 


448 


539 


599 


1983-84 


63.8 


453 


543 


604 


1984-85 


65.2 


453 


545 


615 


1985-86 


65.6 


* 


* 


616 



* Data are not available. 
**Data are for the year 1976. 

SOURCES: Cooperative Institutional Research Program, The Merican 
Ifteshwan: TWenty Year Trendj^ Los Angeles: Higher Education Research 
Inst itute , Graduate School of Education , University of Cal if omia , 
January 1987; Educational Testing Service. 
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TABIZ 2: Job qpenings and Source of Sv?ply To Fill Them, 1972-1986 and 
1984-1986 (annual averages) 



Year 



Number of J<±t Openincfs (thousands) 



Low Estimate Hicfli Estimate 



1972-1986 
Total openings 



125 
95 
30 

125 
60 
65 



185 
95 
90 

185 
88 
97 



Grcwth 
Replacement 



Total hires 



New degrees 
Other sources 



1984-1986 
Total openings 



131 
90 
41 

131 
78 
53 



203 
90 
113 
203 
119 
84 



Grcwth 
Replacement 



Total hires 



New degrees 
Other sources 



neering degr&?*?. technicians, or immigrant engineers). Another inpli- 
cation emerging from this analysis is that degree production seemed to 
have responded to eitployment changes, but with a lag. Degree prxjduc- 
tion reversed its downward trend in 1976 and began to grow rapidly 
after 1978. As result, the gap between the range of job openings esti- 
mated by the CJcnamittee and degree production began to narrow in the 
late I97qs and early 1980s. A significant amount of this growth in 
engineering degree production can be attributed to nondemographic 
factors. 



Other Sources of Simply 

Nontraditional sources of supply (sources other than new U.S. de- 
gree recipients in engineering) were used to fill job openings in 
engineering not filled by new degree holders (Table 2) . 

Field Itobility. ihe major nontraditioncil source of sv?ply is occu- 
pational mobility. Individuals with degrees in closely related fields 
are recruited to fill job openii^. Management typically supplies a 
significant amount— alppst 60 percent of the inflow fron other fields 
between 1972 and 1978.-^'* Also, most of the movement out of engLneer- 



Ihe sources for this data are urpublished OSEP tabulations and the 
National Science Fcundation's study of Occupati :>nal Mobility of sci- 
entists and Engineers (NSF 80-317), Washington, D.C.: U.S. Government 
Printirg office, 1980. 
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ii^ is to management, Ihis large amount of reciprocal flew suggests 
that: 

(1) FiruB may use managerial or other positions as buffer 
stocks in vMch they store valuable human engineerirg 
resources during slack times and from \Aiich they draw 
down these resources during periods of strong demand; 
or 

(2) Respondents to the NSF surveys fttxa which these data 
were ccwpiled are ambivalent abcwt hew to classify 
thenselves occupationally, perhaps because th^ have 
both field-specific and management functions, and are 
therefore inconsistent in their responses to this 
question; or 

(3) For scrae unknown reason (perhaps the status of engi- 
neering may have risen relative to the status of man- 
agement) individuals spJf -identic ing their oocipations 
may have had an increasing bias toward self-identifying 
engineering during this period. 

In addition, there is a large amount of reciprocal flew between en- 
gineering and oonpxter specialties. Almost one-half of the inflow to 
ccffrpoter specialties frcm other ooci?>ations came from engineering and 
about one-tenth of the inflow to engineering from other occupations 
came from coanoputer ^)ecicdties. ^ 

A consequence of this type of mobility is that a significant por- 
tion of the engineering work force has degrees in nonengineering 
fields. A further consequence of continued reliance on this source of 
simply increasingly in a period of growing demand would be that the 
proportion of enployed engineers with degrees in nonengineering fields 
mi^t be e3q)ect6d to increase. Ihe Ooinndttee examined NSF data for 
1972 and 1982, years for vMch reasonably ocnparable data were avail- 
able: the proportion rose from rtxn^y 15 percent in 1972 to approxi- 
mately 20 percent in 1982 (Figure 7) . 

The data on ccwputer specialties are particularly suspect. IXiring 
this period ocnputer science gradually became a discipline in its own 
ri^t (frequently, but not liniversadly, associated with engineering) • 
At the same time, "ccnpiter speciadties" includes many corrpiter prac- 
titioners (e.g., programmers ard systems analysts) vAio are, in the 
opinion of mai^, not app:^ ^riately associated with engineering at all — 



14 Ihe sources for this data are vnpublished OSEP tabulations and the 
National Science Foundation's study of Ocxupational Mobility of Sci" 
entists and Engineers (NSF 80-317), Washington, D.C. : U.S. GoveriTment 
Printing Office, 1980. 

The source of these data is unpublished OSEP tabulations of NSF's 
e:»^)erienoed sanple files. 

16 



ERLC 



33 



30 



o 

CVJ 




1972 Year ^^^^ 

SOME: Ifiigpublished tabulations from NSF's Surveys of Ej?)erienceci Sci- 
entists and Engineers. 

Figure 7. Percentage of the engineering work force with degrees in 
nonengineering fields, 1972 and 1982. 



perhaps more properly associated with engineering technicians or 
vocationcil technicians. 

Imdgraticn/Foreign-Bom Engineers. A second important nontradi- 
tional source of st^jply is foreign-bom engineers. Sctne of these are 
educated abroad and recruited to work here, vAiile others— particularly 
at the doctorate level— are educated in American institutions and ei- 
tlter remain in this country after they corplete their degrees or return 
to the United states after an absence required by imndgracion laws. 

The percentage of the engineering work force that is foreign-bom 
rose from about 9 percent in 1972 to over 17 percent in 1982 (Figure 
8) . It is interesting to note that, while the percentage of foreign- 
bom _ engineers increased during that period, the percentage who are 
noncitizens remained essentially unchanged. Ihe entire increase in the 
percentage of the engineering work force that is foreign-bom is the 
result of an increase in the percentage of the engineerir^ work forx^e 
that IS composed of naturalized citizens. 

Ihe foreign-bom engineers are heavily concentrated among engi- 
neering doctorates. The percentage of enginssring doctorates \**io are 
foreign-bom is almost double the carparable percentage for engineering 
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SCURCE: Special tabulations frcan Oak Ridge Associated Universities, 
based on the National Science Foundation's 1972 and 1982 Postcensal 
Siirveys. 

Figure 8. Distribution of the foreign-bom engineering labor force by 
citizenship status, 1972 and 1982 • 



baccalaureates.-''^ Since academe is an joiportant eirplqyer of engi- 
neering doctorates (rou^y one-third are ertployed in academic institu- 
tions), it is not surprising to find that foreign-bom engineer^ com- 
prise a substantial share of this country's engineering faculty. ^ 

Nondegreed Engineers. Another proninent nontraditional source of 
simply for engineers is the pool of nondegreed technicians ^o are pro- 
moted to engineering activity on the basis of their e35)erience. Typi- 
cally, these individuals are assigned engineering functions that re- 



in 1982, noncitizens and naturalized citizens accounted for 15 
percent of baccalaureates, 22 percent of master's degrees, and 36 per- 
cent of doctorates in the engineering labor force. See also the Com- 
mittee on the Intematioral Exchange and Movement of Engineers, For- 
eign and Foreign-Bom Engineers in the United States: Infusing Talent^ 
Baising Issues^ Washington, D.C. : National Academy Press, 1988. 

Based on coomments from an engineering dean, anecdotal evidence 
suggests that some western European countries may be having similar 
e5q)eriences. 
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SOURCE: Unpublished tabulations rrom NSF's S\xcv&/s of Experienced 
Scientists and Engineers. 

Figure 9. Distribution of engineers, by degree level, 1972 and 1982. 



quire less sophisticated technical backgrounds and are not strong can- 
didates to move ultimately into managerial positions. 

TtiB Canmittee did not have information on the number of engineers 
who did not have a degree. Instead, it used a prxjxy based on NSF data 
—the number of engineers who reported degree levels other than the 
traditional bachelor's, master's, or doctorate degrees.^*^ The per- 
centage of engineers in this degree category rose between 1972 and 1982 
fran 8.7 percent to 16.5 percent (Figure 9). itoughly three-quarters of 
these engineers— 77 percent in 1972 and 73 percent in 1982— were era- 
ployed in industry. Because this proxy includes er^ineers other than 
these with no degree, however, the Committee can not necessarily con- 
clude that a larger number of engjjieering job vacancies were filled by 
nondegreed workers as a nontraditional source of simply. 



Although this proxy includes those with no degrees at the bacihe- 
lor's level or above, it also includes individual 'engineers whose de- 
grees could not be readily classified. The latter set of ergine^r*- 
insists largely of foreign ei^ineers with degrees fron foreign insti- 
tutions. It is noteworthy, although perhaps coincidence, that the 
number of "other" degrees closely approxiinates the number of foreiqn- 
bom engineers. 
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Salaries of Engineers 



As noted earlier, errployinent of engineers has increeised dramati- 
cally since 1972, rising at an average rate of edioost 7 percent per 
year. In the absence of ocuparable increases in the simply of engi- 
neers, the relative salary of engineers should have increased. The 
Committee examined several series describing trends in engineering 
salaries to determine the extent to vtoich sadary adjustments were nec- 
essary to aoconmodate this enplqyment increase: (a) salary data by 
years since receipt of the baccalaureate occpiled by the Engineering 
VSanpcMer Ocxnmission frcm its annuad survey of eoDtplqyers and (b) incGsne 
of engineers occpiled fcy the Bureau of the Census frcm its Current Pop- 
ulation Survey. From the former series, salaries of engineers \Aio were 
0, 6, 15, and 25 years from the receipt of the baccalaxareates were 
examined. 

In each of the series, engineers' sedaries were found to increase 
by more than 100 percent between 1972 and 1986, and in some cases these 
salaries increased by almost 200 percent (Table 3) . When these sala- 
ries are deflated by the Consumer Price Index to express them in real 
terras (i.e., in terms of dollars of constant purchasing power), this 
strong inward trend is virtually eliminated (Figure 10) . A sliest 
downward trend is observed in the 1970s for the more e3q)erienced engi- 
neers in the Engineering Manpcwer Commission data, and a sliest lapward 
trend is observed over the entire period in the salary data compiled by 
the Bureau of the Census. 

A similar finding is observed \*ien the salary data are deflated by 
wage and income series for the general work force to derive indicators 
of relative salaries (see Appendix Tables 4-7) . When deflated by the 



TABLE 3: Salaries for Fr^ineers, 1972-1986 



Yeair 


Number of Years Since B.S. Dearee CS^tained 


Medieui Total 


0 


6 


15 


25 


Annual Incxane* 


1972 


$10,700 


$14,250 


$18,050 


$20,200 


$18,210 


1974 


12,150 


15,800 


20,400 


22,500 


20,660 


1976 


14,250 


18,450 


23,900 


26,700 


23,700 


1978 


16,050 


21,500 


28,350 


31,500 


26,780 


1980 


19,600 


25,150 


28,350 


31,500 


31,074 


1982 


24,100 


30,800 


38,417 


41,900 


39,000 


1984 


26,100 


33,300 


41,050 


44,200 


43,017 


1986 


28.600 


37.200 


47.917 


52.950 


47.200 



*For years 1972-1980 salary information was unavailable; salaries 
listed are for 1971-1979. 

SOURCES: Engineering Maipcwer Ccamraission, Engineers' Salaries, Spe- 
cial Industry Report, 1986; National societ/ of Professional Engineers. 
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■o- OYr Since BA 
6YrSinceBA 
ISYrSinceBA 
25 Yr Since BA 
••- Prof. Eng* 

' 1 ■ 1 ' 1 ■ 1 1 r 

1972 1974 1976 1978 1980 1982 1984 1986 

Year 

NOTE: Salary data were deflated by consumer price index 1967 = 100 
See i^jpendix Table 3, page 46. 

Figure 10. Engineers' salaries (in 1967 dollars). 

earnings of production workers in private nonagricultural industries 

i^ic^r.^^ \S^*}°u^ f percent. When deflated by the inocoes of 
professional and technical workers, the upward drift beocroes less dra- 
matic in one case and beoanes a sli^t downward drift in the other. 
itelatiA^ salaries increase by 2 to 5 percent using the data canpiled by 
the Engineering Manpower Occimission, and relative salaries decrease bv 
abouJg4 percent using the data conpiled by the Bureau of the Cen- 

^-ho rS^-+.°" ^}t/^^^. °f ^ and relative er^ineeri:^ salaries, 
the committee finds relatively little variation. This s^ests S> 

S'^i'^M^Si ^ °f engineerii^ tal^^^S 

Sn^^Si^^ responsive to salary variation. (in the jargon iTS 
ecoixmist, the elasticity of simply of engineering talent w&h respect 
^^'^uite large.) ihis responsiveness operates throu^ toe 

SfSSS. '^c"°"S'^^^°"^ °^ discussed in 

this chapter. Second, as a result of simply growii^ to meet demand, 

19 

, nie trend data derived fran the incomes of professional and tech- 
nical workers should be treated with caution, hc^er, s?S S SS- 
P^^^°"^/technical workers was altered in 1982, intro- 
Steba^ nonoomparability into that particular tiiile-series 
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erigineering irputs do not appear to have beccane more expensive — either 
in real or in relative terms — as a result of the cJramatic increases in 
enployinent that have been e>q)erienced since 1972. 



Fature Supply and Demand 

The marked dianges in demographic trends and the significant 
changes in utilization that are emerging in response to the need to 
iirprove our ocwpetitive position in an increasingly global eoOTCcpy make 
the findings for the 1972-1986 period of grcwth difficult to extrapo- 
late to the next 15 years. The period to 1980 was characterized by an 
increasing population of college-aged youth vto enlarged the pool from 
vMch new engineering graduates ccaild be dravm. Ihis favorable demo- 
graphic trend has been enhanced by an iixa:ieasing ftaction of the under- 
graduate student body choosing engineering as a major: the larger 
fraction vdio opted for careers in engineering is consistent with a 
shift in ai±itude that made technologically oriented activity less 
socially stigmatized than it had been during the late 1960s and early 
1970s. The next 15 years will be characterized by a pool that will 
first decline into the 1990s and then grow less dramatically as we 
enter the 21st century. In addition, the prcissure to remadn catpeti- 
tive in a global econcRr/ has caused many industrial firms, in looking 
for more productive ways to utilize their work forces, to downsize 
them. The C3ontmittee believes that the smaller work force remaining has 
a hi^er proportion of engineers v4io utilize their engineerii^ skills 
not only in primary engineering activities, but also increasingly in 
sudh activities as production and sales. 



Simply 

Production of new engineering baccalaureates is expect&i to have 
peaked in 1986. Freshman engineering enrollments have been falling 
since 1982, and a smaller percentage of the entering freshman class has 
been r^rting interest in majoring in engineering (Figure 11) . Based 
on current trends in er^ineering freshman enrollments, the number of 
bachelor's degrees produced in the year 1990 is expected to decline 16 
percent to about the 1983 levels. 

Whether the dcwnward trend will be reversed beyorid 1990 will de- 
pend on future trends in freshman enrollment. This eiuollment is gen- 
erally sensitive to perceived enoployitient opportunities and business 
conditions. A frequently used indicator of these opportunities—the 
High Technology Recruiting Index — has shewn significant strength 
recently after 3 years of relative weakness. If this rejuvenation in 
industrial job opportunities trams out t^D be a permanent reversed in 
trends, the Committee would consider it as evidence to si^^port an opti- 
mistic outlook for future freshman enrollitient. 

Another inportant factor in projecting future si?Dply is the ethnic 
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1980 



Engr. Freshmen 



1982 



Year 



1984 



1986 



c 
o 

o 
a 




1980 



1982 



1984 



Year 



% Plan to Major in 
Engineering 



1986 



^Cooperative institutional Research Program, The American 
Ji^hman; 2Wy year Trends, Los Angeles: HiglS^xatim rSSSS 



SfSr^taaf^n^ in^engi^eerii^ freshman enn>llinent and in 
S^^^^Ssl. ^ ^"^^ ^ "^=5'-'^ engineer- 
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csccposition of the 18- to 21-yea2>-old population. That cohort will in- 
creasingly consist of minority grcxys that have not tended to go into 
engineering studies. For exairple, althcxi^ blacks constitute 10 
percent of total U.S. eiiplqyinent and 6 percent of the professional and 
technical work force, they r^reisent only 1.7 percent of the engineer- 
ir^ vrork force. In addition, althou^ marked advances have occurred in 
the participation of women in engineering careers, they remain signif- 
icantly imderrepresented, and their enrollment in engineering programs 
has been declining. Since the supply may be insi^fficient relative to 
the demand^ it is very iirportant that positive st^» be taken to inter- 
est increasing mmibers of both minorities and wcroen in engineering 
careers and that they be provided si5}port requisite to their cortpleting 
the degree programs. 



Demand 

The number of job openings arising from attrition is e}q)ected to 
increase over the next 15 years because of the increased number of 
engineers approaching retirement age . Almost 20 percent (about 
400,000) were over 50 years of age in 1982, ccnpared with almost 10 
percent (90,000) in 1972. The effect of these anticipated retirements 
may be partisdly post^xaned, however, by the irroact of the recently 
passed congressianed bill abolishing mandatory retirement for most 
occiqpations and by other factors such as the iirproved health and lon- 
gevity of our population. In addition, any severe ecanofftdc downturn 
would encourage many individU£LLs to continue wcrking beyond retirement 
age considered normal during the past 15 years. 

The Bureau of Labor Statistics (BIS) projects a 2 percent annual 
rate of growth in engineering errplqyment between new and the year 
2000.^^ However, sevixal factors — the recent downsizing of technical 
work forces by a significant number of large firms in response to com- 
petitive pressures and teohnological developo^ents in the areas of ex- 
pert systems ai;fi cxxiputer-assisted engineering— may operate to daitp 
eitployment growth rates. (These offsets may already b3 factored into 
the BUS projections. Annual growth rates generated from these projec- 
tions are well below the rates reported earlier in this chapter for the 
1972-1986 period.) On bedance, however, lanless radical shocks occur to 
the U.S. econatty, engineering employment growth can be expected to con- 
tinue to generate additional new job qp^iings at a modest rate beyond 
replaceickunt demand. 

Given the e55)erience of the last 15 years and e^^jectations for the 
next 15 years, the CXammittae concludes that the need for engineers can 
not be met entirely by reliance on traditional sources of simply. The 



See George T. Silvestri and John M. lukasiewicz. Projections 2000: 
A look at occupational enplqyment trends to the year 2000, Monthly 
Labor Bevies^, September 1937, pp. 46-63. 
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sliortfall may be made by relying in part an nontraditional soturoes 
and m part by a more effective utilization of the experienced engi- 
neering talent pool. (it should be noted that this conclusion is no', 
unique to engineering. The same demographic factors apply to all occu- 
pations at all skill levels.) 
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III. QUALITY IMPLICATIONS 



1972-1986 Engineering Labor^Market Experience 

-.o^^ material presented in Chapter II revealed that the period 
1972-1986 was one of significant growth in the employment of engi- 
J-^ revealed that, although d^ree production also in- 

creased dramatically, the increases occurred with a lag and were insuf- 
S^t^iSa^^^^ ^ °^ engineering job openii^ generated durir^ 

Several consequences flew frcm these findings. First, the failure 
to realize a level of degree production that would be adequate to fill 

Siii^L^^^iifS "tf* ^ P^' eitployers met their ei^ineering 

employmKtt needs by relying on other, nontraditional^I scirces of 
supply-by recruiting frcm other fields, by hirii^ foreign-bom erwi- 
neers, and by x?5grading technicians— and by recruiting more stixawlv 
from groups traditionally underrepresented in emineering care^. 
There IS concern that continued reliance on some of these nontradi- 
tioml scuroes could affect the "quality" of the ei^ineerii^ work 

^.^P^J^ concern that satisfying the need for engineers bv 

"iSl uidividuals from other fields draws human resources 

them-^icularly the closely related fields of physics, 
itathematics-and that a continual drawing down S thes4 
S^SLfliicS'''^ ultimately cause significant damage to the vitality 

ttx^i- ^S5?,i^^^ material cited previously, the Conmittee also found 
t^t .notable differences existed between industry and academe in the 
^ nontraditional sou^ to mSTtteS ^ 

?r;^^rui^* :Mustry, 7^ch employs predominantly baccalaureates 
HorSf^?^ ^^.^ ""^^ ^ a -.ridby of nontradi- 

^tS^ ^u^- ^c^^-^ndividuals holding degrees in Closely related 
SSftn^Sf^''^^' ^ f°^ign-bom ei^ineers-as well as fiSm undS^ 
SrfS^^"^* . ^d^' «hich relies heavily on doctorates to 
meet its needs, recruited foreign-bom ei^ineers. 



sources of engineerii^ supply have included indi- 
with nonengineering degrees, technicians, and imigraS 



neers. 
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Effects of 1972-1986 Experience on the Quality 
of the Engineering Work Force 

Ihe Ccramittee, thrcfU(^ the cxradssioned papers and the worlcshcp 
held to review and discuss them, investigated the effects on the qual- 
ity of the engineering work force that resulted frcon reliance on non- 
tjraditional sources of supply over the past 15 years. It found that 
r^resentatives from industry perceived no change in the quality of 
their work forces. It should be noted, however, that the Committee 
received feecJback only from r^resentatives of very large firms; since 
small firms constitute a substantial part of the entrepreneurial activ- 
ity of the nation in the area of technology, the lack of information on 
how well small firms are meeting their needs for engineers constitutes 
an iitportant gap in our knowledge base. This is especially iirportant 
since smedl firms are believed to constitute a major source of new job 
creation in the United States, 

Scawe individuals expressed concerns, however, that increased reli- 
ance in academe on foreign-bom faculty and teaching assistants ^ (TAs) 
could have deleterious effects on the quality of teachirig in engineer- 
ing programs. This concern relates most often to the linguistic abil- 
ity of these individuals in transmitting educational concepts in En- 
glish, In addition, the attitudes of faculty and TAs from some foreign 
countries are edleged by one participant at the Comnmittee-sponsored 
workshop to discourage scffne women and members of some ethnic minority 
group^D from pursuing further engineering study. Furthermore, fcreign- 
bom faculty and teachirg assistants on U,S, engineering campuses may 
have iirportant influences on student attitudes among the engineering 
student bocty v*io terminate their educations at the bachelor's degi ^ 
level and enter irdastry. It is alleged that these faculty may convey 
the idea that activities such as production and quality control, vMch 
are "hands-on" in natmre, are inferior to the seemingly more glaitKXirous 
and 4iTtcllectually stimdating research and aevelqproent (R&D) activ- 
ity, 

Nonetheless, there appeared to be little concern about the effect 
of increasing reliancr^ on foreign-bom faculty and graduate students on 
the quality of reseaiJi produced. In fact, it is possible that these 
hi^tily selected and hi^dy motivated individuals may be intellectually 
si?)ericr (on average) to American graduates willing to wor'^* in academe. 
The Oammittee has no evidence that the increased use of foreign-bom 
individuals on engineer 'ing school faculty has decreased the quality of 
the product. 



CJommittee on the International Exchange and Movement of Engineers 
(CIEME) , National Research Council, Foreign and Foreign-Born 
Engineers in the United States: Infusing Talent^ Raising Issues^ 
Washington, D,C,: National Academy Press, 1987, 
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T«„, expressed that many foreign-bom engineers 

M^iS £® ^a^^liar with the U.S. industrial coitplex ana that nSny are 
SSS^^^fTi?" f^ations fran participating in joint programs in 
J?2 lab^tones and with defense-related idustrial canpa- 

li^* J'^^^ between academe and nonacademic sectors (i.e., gov^- 

^S^l^^eLtI?|.2l^^°- ^ ^"^-^^ ^ —^1^ 

Implications of Future 
LaboiyMarket Conditions for Quality 

<:r*.yr^^H ^ ^ Continuing need to use nontraditional 

.^^^^^ er^ineers, the question retains: 
will this result in a significant deterioration in the quality of the 
engine^ing work force airi, if so, will this tend to^Sii S 
international carpetitiveness? unaermine our 

«^ noted earlier, the Committee chose to address the quality issue 
^.Jf^^^ ooTtext-that Of canpetitiveness. Re^atSe prSS? 
production costs, and quality of the product are key ingredi^ iA 

ff^S ^ "^^^ ^ technology and prtxJuctivity. Engin^ing labor 
as one of many ii^ to the prxx3ucti«5i prxDcess^ tS?S^?of^ 
Sr^J?.'^^°^ ^ producti^ty, can therefS^elLl^ 
^^i^ oanpetitiyeness. Accordingly, the Ccmmittee approached the 
quality issue in terms of the relative oost-effectivenS of miSa 
Jigineering positions with woricers havii^ altemaS^ ^i-"^ 

mand ^ wt^^ ^ °^ ^^^^ Periods of hi^ de- 

^S^^^J , supply of) colleje-trained engineers, the brief Sse of 

bei^ proAaoed nor reduce its carpetitiveness iHntSnSional 
markets, a the other hand, if the d^jnand is persistently hS^SSS 
S?iv^^f college-trained er^ineers is perJ^^^^) , 
lative oc»ts associated with the continuing need to rely otT ti^ 
purees Of supply might result in an inc^inX ^ri^^f SL 
uct, a decrease in its quality, and (in either case) a rSuctiSTlS^P 
international oanpetitiveness of its prxxJu(^ reduction in the 

Adjustment Mechanisms: 

Ass<2ssing Iheir Iitpact on Quality 

Given eas ting inadequacies in the ability of employers to fore- 

23 

^-^I!; ^} "iH™""^' "Perfonnanoe of Engineerim ISoultv in 
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cited earlier. 
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cast future labor^oKarket conditians accurately, their decision making 
occurs in a world of substantial xanoertainty. Enployers iise a variety 
of lOBchanisite to cope with this vmcertainty* ^ As noted in the ooni- 
missioned papers (see i^p^ndix D), a large number of possible adjiast- 
ments may be made vflien demand exceeds u:?3ply. When traditioned sources 
of engineering si?3ply aie perceived by enplqyers to be grcwing scarce, 
they adopt the following types of teirporary adjustment mechanisms: (1) 
utilize the existirjg engineering work force more intensively; (2) hire 
degree recipients in closely related fields to work as engineers, (3) 
hire foreign-bom engineers; (4) hire or upgrede technicians; (5) dis- 
courage engineers from taking managerial or nonengineering positions; 
and (6) discourage retirement. The distinguishing feature of these 
medhanisnB is that th^ can be undertaken without raising wage rates 
(increased wages can be both costly and permanent) . 

Enplqyers also have options for adapting to situations that they 
perceive to be of longer duration. One is to increase the productivity 
of the existing engineering work force by using additional units of 
other (nonengineering) inputs (such as capital and other types of 
labor) or by contracting out engineering services in the Wiited States 
or abroad. Another is to increase wage rates, making ca r eers in engi- 
neering appeaor more attractive (thereby tending to increase the long- 
run sc?3ply of engineers — ^those newly graduating fron colleges and uni- 
versities) and providing incentives to enployers to econccdze on the 
more costly engineering work force. 

Each of these coping mechanisms involves sorae additional costs. 
The fundamental real issues are vAiether the incremental costs are tran- 
sitory or permanent and v4iether they are offset by occparable increases 
in engineering productivity. If the cost increases are permanent and 
are not offset by increases in engineering productivity, then they may 
affect either product prices or profit margins. In either case, com- 
petitiveness could be affected in the long run. The permarAanoe of the 
cost increases associated with increases in engineering demand will de- 
pend in part on the speed with vihich engineering degree production ad- 
justs to the perceived inca^ease in demand and in salary. Given the 
approach to quality adopted by the Ooramittee, the inpact that these 
measures may have on quality will depend critically on \Aiether tlie 
productivity increases associated with these measures will exceed the 
incremental costs: if they do, one will be able to oonclirle that the 
quality of the engineering work force has been enhanced; if they do 
not, then, depending on the relationship between these productivity and 
cost increases, one will be able to conclude that quality has either 
remained unchanged or deteriorated. 



Ooramittee on the Education and Utilization of the Engineer, Oom- 
mission on Engineering and Technical Systems, National Resea r ch Coun- 
cil, Engineerjjig Education and Practice in the United States: Fcvn- 
dations of our Techno-Eooijomic Future^ Washington, D.C.: National 
Academy Press, 1985. 
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Hds \n.de array of possible edjustanents and their associated pn>- 
ductivity and cost inplications greaUy occplicates the task of as- 
sessing qua3ity. However, viewing the inpact of these mechanisms in 
terms of these variables helps to clarify the interpi-Btation of quality 
indicators that mic^it be appropriate. For exaitple, if we use the 
amcwnt of formal schooling possessed by workers as a measure of qual- 
ity, then are/ adjustment that requires hiring "less qualified" (less 
educated) vrarkers might be considered a decline in quality. However, 
the costs to society of the formal education of these workers is lower, 
and^^with ^rcpriate training, either on the job or in a more formal 
program, they could be as productive as their more educated col- 
leagues. Using the productivity and cost criteria discussed earlier, 
these 1^ educa t ed workers might produce er^ineering work of equal 
quality. A fortiori, if they were to cost less (such as instances 
on vdiich th^ ccnimand la«er salaries), these less educated engineers 
mi^t represent even better quality than their more educated col- 
leagues. Another aspect of the effect of education is the effect of 
overoducation. Research on the effect of education for the total 
(i.e. , engineering and nonengineering) vrork force found that "too much" 
education produces job dissatisfaction. In engineering, this could 
be manifest by using degreed engineers to perform technician-level 
work. This effect wculd be an indicator of quality deterioration if 
job dissatisfaction were associated with lower performance or produc- 
tivity. 

•nius, the qualiqr of the engineer is a ccaoplex concept that must 
be evaluated in terms of both the productivity of the engineer and the 
cost of filling engineering positions with workers prtjvidii^ that 
amount of productivity. The productivity of the engineer, in turn, 
r3flects both the skills embodied in the workers filling engineering 
positions, the skills rr^quired by those positions, and the ingenuity 
with yMch management utilizes these workers to fill their require- 
ments. 



This would be so if any productivity differences between engineers 
with differing amamts of education were also accotpanied by wage or 
^(^ler cost differentials of equal magnitude. 

See, for exanple, Robert Quinn and Martha Baldi Mandilovitch, 
Education and Job Satisfaction: A Questionable Payoff, Ann Arbor: 
University of Michigan Survey Research Center, 1975; Anne Kalleba^ and 
Aage Sorensen, "Ihe Measurement of the Effects of Overtrainir^ on Job 
Attitudes," Sociological Methods and Rssearch 2(2) : 215-238, Novem- 
ber 1983; and Mun Tsang, The Impact of Overeducation on Productivity; 
A Case Study of a Comnvnication Industry, voipublished doctoral dis- 
l^rtation, Stanford University. 

See Robert McGinnis, "Interactions Between Labor-^Iarket Adjiast- 
ments and the Quality of Performance in Engineering: A Sociological 
Perspective," anr Alan L. Porter, "Changes in Er^ineerirg Quality and 
Performance: Potential Indicators of Adjustment," in i^jpendix D of this 
report. 
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To evaliaate this engineering productivity, caie nust be able to 
specify emd cteerve the output of engineers. This prwes to be a dif- 
ficult landertaking. Alternatively, one can observe the consequences of 
this output (e.g., throu^ indicators of technological change and inno- 
vation, such as j»tents, or throu^ indicators of lapxrved efficiency, 
such as increased profitability, improvement in product quality, or in- 
creased martet share) . The difficulty vath this e^proach is that these 
ccnsequences reflect the inflxjenoe of a large number of factors, of 
vAiich engineering productivity is only one. Thus, it is difficult to 
isolate the unique effect of the engineering iiput. Another possible 
indicator of the quality of engine^ is the performanoe ratings of 
sipervisors. This indicator has several major dravftDacks. First, it 
cannot be issed for ccnpariscns among engine^ rated by different su- 
pervisors, since the standards of perfonnanoe \ised by these supervisors 
are not necessarily the same. Second, since the ratings are generally 
relative (rather than absolute) rankings of engineers, me can not vise 
them to determine v*iether quality has changed over tijue.^^ 

The task is made even more difficult by the current environment in 
vAiich the skills that ertployers require froa their engineering forces 
are changing dramaticedly. These skills are changing in response to a 
variety of factors, many of them motivated by the need for the Tjhited 
States to inprove its industrial ccnpetitiveness. This need has re- 
sulted in dcwnsizing of work forces and a gradual shift into producticn 
of hi^ value-added, custonized products, vdth associated enphasis on 
the ultimate user and on both product and process iirproveaaents. This 
new enphasis requires engineers to pay more attention to factors such 
as marketability and producibility and to give less wei^t to elegance 
and style in designing the product. Another result of this shift in 
enphasis is the need for interaction among a vdder range of engineers 
and nonengineers. 

Changing technolocties also change skill requirements. Process and 
organizational innovations — such as cccputer-added design, cocputer- 
assisted manufacturing, e3pert systems, and group technology— are re- 
ducing the amount of time and effort required in the desigiVdevelcp- 
ment/production q^cle and are broadening the nature of the engineering 
function. The effectiveness vdth vAiich these innovations can be 
ixttegrated into the work force deper^ in part on the match between the 
skills of the work force and the chdi^es that are being introduced. Un- 



it is possible, for exairple, to have a case in vdiich the average 
supervisor ranking remains unchained while the average quality of the 
engii^eers being rated either increases or decreases. 

See Gerald I. Susman, "The Iitpact of Advanced Manufacturing Tech- 
nology on the Effective Utilization of Er^ineers," in Appendix D of 
this report. 
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derestlmatlng these skill requirements can result In failure."'^ Sane 
suggest that industrial cxapetitiveness would be well served by noving 
more technically trained people into management positions. In addi- 
tion, there is a grcwing interest on the part of industrial management 
in assigning direct production responsibilities to more engineers. 
Such shifts in roles suggest a further broadening of engineering func- 
tions. 

In this context of rapid change, medntaining engineering talents 
at the state of the art is increasingly difficult. A growing gap in 
technical kncwledge esnerges as the state of the art pushes forward. 
This gap can be narrowed or eliminated thrcu^ the provision of oontin- 
iiing education for the eaqjerienoed engineering wcaic force. Ihe impor-- 
tanoe of such training is illustrated in a recent ccnparative stu*^ of 
productivity growth that concludes that inadequacf.es in the training of 
skilled workers is a major source of the weakness of Bri.tain (relative 
to West Germany and the Uhited States) in products reguiring relatively 
large amounts of engineering and technical skill. •'^ Uhfortunately, 
little hard Infonnation exists to assess the magnitude or the jpact of 
such training or to knew hew rz^idly technical education beocraes objso- 
lete. 



Current Practices: 
Inplicaticns for the Future 

The indicators examined in this stu^ were limited to those embod- 
ied in workers and characterized by their ability to be cfaserved and 
quantified— degree level, degree field, years of e)qperienoe, citizen- 
ship status. Obviously, a large nuniber of factors other than these 
observable characteristics inpact on engineering productivity. Many of 
these are discussed in the background papers coramissioned by the Can- 
mittee (see ^jpendix D}— motivation, the ability to interact with non- 
engineers, flexibility, intelligence, and so fcrth. 

Given the paucity of data and the e}?)loratory nature of this 
study, the Ocramittee relied heavily on the experience and jucJgment of 
practitioners in evaluating the iirplications of the various adjustment 



See, for example, Richard Kazis, The FBlatianship Between Eda- 
catian and Productivity: Implications for the OMpetitiveness of Ameri- 
can Manufacturing and the Movement for Educational itefco?, uipub- 
lished paper, January 1988; Hal Salzman and Hiilip Mirvis, "The 
Workforce Transition to New Technologies: Changes in Skills and Quality 
of Work Life," Western Econanic Rsviev 4(2): July 1985; and Jack 
Brizius and Susan Foster, Enhancing Adult Literacy: A Policy Guide, 
Washington, D.C.: Council of State Policy and Plannii^ Agencies, 1987, 
for discussion of cases involving the general work foroe. 

S. J. Prais, Productivity and Industrial Structure, Cairibridge, 
Canibridge Uhiversity Press, 1981, cited in Kazis, op. cit., p. 36. 
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roechanisns for quadity. Itoreaver, given the wide variety of fimctions 
and activities in viiicii engineers are engaged, the Oanmittee decided to 
esqjlore the issue for three distinct p/pes of engineer: (1) the aca- 
demic engineer; (2) the industrial R&D engineer; and (3) the industrial 
non-RSD engineer. The latter type of engineer is the largest ocnponent 
of the engineering vrork force (almost 60 percent of the engineering 
work f oroe reported activities other than R&D or R&D manageanent as 
their priiaary work involvement in 1984) . Ihe engineering work force is 
still quite heterogeneous even etfter this distinction is made. 



Academic^ Engineers (Engineerirg Faculty Members). As noted ear- 
lier, adjustmancs in this prrticular labor market have been limited 
primarily to increased hiring of foreign-bom faculty. Ohis suggests 
that the skill needs of academe are quite specific and can not, in 
large part, be luet by the ipgrading of individuals not educated in 
engineering fields. Hcwever, hiring feon closely related fields can be 
an effective adjustment mechanism, resulting in cross-utilization and 
more openness to new ideas (it must be noted, however, that such a 
practice might only reallocate the problem of insufficient numbers of 
faculty to other fields) . A marked difference among institutions was 
noted in their ability to recruit American doctorates. High-prestige 
schools with major externally-funded research pr ograms are in a 
stranger ccnpetitdve position. 

Uhdergraduate enrollments in engineerin; programs have leveled off 
recently, but a significant need still exists for new faculty (1) to 
fill exinting vacancies and (2) to replace existing engineering faculty 
v*o gre expected to retire over the next 15 years. In addition, should 
there be renewed growth in xandergraduate enrollments as eiqpected in the 
late 1990s, there will also be a need for new faculty to fill the addi- 
tional instructional slots that will be created by this growth. Al- 
thcu^ retirees can help to close the gap tenporarily, the Canmit±ee 
concludes that recruitment of foreign-bom engineering faculty to meet 
these needs will continue. The Ccnimittee also believes, however, that 
vMle the xjse of these foreign-bom engineers may produce scrap prcblems 
with respect to sane aspects of engineering education, it is a manifes- 
tation of an even deesger prcblem: the xmwillingness of natu.ve-com 
American engineering students to pursue careers requiring doctorate 
degrees in engineering and to undertake academic careers. Given the 
political uncertainties that exist with respect to international rela- 
tionships, the Ccanmittee believes it would be undesirable to rely 
exsessively on foreign scurcet of simply to meet our engineering needs. 
The soltrtion to this prcblem lies in encouraging our native-bom engi- 
neering students, particularly wcnen and members of minority grot?)s 
taraditionally underrepresentied in engineering, to pursue such careers 
and in actively recruiting hi^-quality individuals to faculty posi- 
tions. Limitir^ the number of foreign-bom engineers on our canpuses, 
hcwever, is not desirable; we need them, too. It is especially inpor- 
tant that renewed efforts be made to recruit minorities and women, both 
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representing huge, as yet not fully ta^jped, resources vdth current low 
participation in engineering. 



R&D Engineers in Industry. Adjustment mechanisrw for this groip of 
engineers Include increasing pay and more intensive use of other mecha- 
nisns to recruit staff with engineering degrees. When these mechanisms 
prove to be teaaporarily inadequate, eaployers resort to recruitment 
from doeely related technical disciplines, upgrading of qualified 
technicians (particularly to fill positions requiring lower-level engi- 
neering sldJJs), utillzaticn of retirees, and recruitment of immigrant 
en^neers. other options, such as crocs-trainlng of WDrioers vdth 
degrees in nontechnical fields or reassignment of workers fran non-R&D 
functions, are considered less viable.-*^ Indeed, there were ex- 
pressed beliefs that technicians are limited in their potential career 
develcpnent and that foreign-bom engineers are difficult to use in 
woric requiring secsnrity clearances. Ihere is also evidence of in- 
creasing contract engineering work off-shore. 

Ihe variety of mechanisms used by enployers of R&D engineers sug- 
gests that a flexibility in the nature of the skill requirements for 
R&D engineers tencte to minimize quality problesss arising fixm their 
use. Based on the limited amount of evidence gleaned fron the expe- 
rience and judgment of practitionere in large R&D-lntenslve enter^ 
pris es, there is no reason to eoqject significant quality deterioration 
fron the testporary use of meciianisnis such as those outlined above. 
Sane of the practitionere also inaicated that they are generally able 
to recruit an adequate number of highly qualified RsaJ engineere by 
maintaining oonpetitive salary scales. The reader is cautioned, how^ 
ever, that these conclusions may be limited to very large, R&D-inten- 
sive firms. 



Non-R&D Engijieers in Industry. Ihe evidence oonpiled by the Ccm- 
mittee si^iports the view that 30 to 80 percent of the new er^ineers 



See Russell G. Meyerand, Jr., James R. Bogard, and Stanley A. 
Brodtman, "Assessment of Hiring and Performance of Scientists and 
Engineers Engaged in Industry R&D Activities," in i^^jeniix D of this 
report. 

For evidence si^porting this judgment, see Rcbert Quinn and Martha 
Baldi Mandilovitch, Edacatim ani Job Satisfaction: A Questionable 
Payoff, Ann Arbor: Uhiverslty of Michigan Survey Research Center, 
1975; Anne Kalleberg and Aage Sorensen, "The Measurement of the Effects 
of C/ertralning on Job Attitudes," Sociological Methods and Re- 
search 2(2) : 215-238, November 1983; and Mun Tsang, The Impact of 
Overeducation on Productivity: A Case Study of a Ccmrunication Indus- 
try, unpublished doctoral dissertation, Stanford Unlverelty. 
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hired by large industrial firms are assigned to ncav-R&D activity, ^ 
The reason given for placing engineers in these positions is that their 
training enables them to perform better or achieve results sooner. 
These engineears, however, are liXely to cost more because they gener- 
ally CGOBnaxvi hi^ier salaries than conparable nonengineers. ^ Also, 
productivity may be lower if they feel that they are being vnderuti- 
lized. Ihus, using the criteria of costs and productivity discussed 
earlier, it is not obvious, a priori, that engineers vAv> are anplqyed 
in non-RSa) jobs will be superior in productivity per vmit cost to 
nonengineers in these jobs. Hhe fact that management vses this 
sechanism so frequently, howver, is strong circumstantial evidence 
that the quality of the output is considered worth its cost. 



A Final Word 

Hie Ocnmittee was limited by atvedlable information to considera- 
tion of the quality inplications of changes in the cbservable ch£irac- 
teristics of the engineering work foroe. It recognizes, however, that 
there is a serious deficiency in our ability to assess the impact of 
both quantifiable and nonguantif iable skills and to evalixate the influ- 
ence of the wc^ environment on engineering productivity. A number of 
suggestions emerged frxm the conmissicnsd peters £ modest pilot 
studies to investigate the feasibility of deriving indicatorB of engi- 
neering productivity and measures of skill and work-environment deter- 
minants trm industry case studies and from cross-national oocpari- 
sons. A considerable amount of fundamental research will be necessary 
before credible indicators of engineering productivity will be avail- 
able and before the determinants of engineering productivity are better 
known and their impacts more fully landerstood. 



See James F. Lardner, "Performance of Scientists and Engineers in 
Non-R&D Industries," in i^^pendix D of this report. This finding is 
based on the responses of senior executives in a small sample of large 
industrial firms contacted by the Ocnmittee as part of this stufy: 
three maciiinery manufacturers, two electronics manufacturers, an aero- 
SDaoe firm, and a manufacturing and engineering firm. 

Some evi d e n ce to si?3port this judgment may be gleaned from sal- 
aries for M.B.A.s; on average, those vftio have technical backgrounds are 
pedd more than those who do not. Similarly, Drs. Robert C. Daufferibach 
and Michael G. Finn have analyzed salaries of ertplpyed engine^ns in 
1982 and have demonstrated clear salary differentials between engineers 
with engineering degrees and engineers with nonengineering degrees: 
those with pi^ical science degrees are pedd an average of 4 percent 
less, for exainple, and those with business degrees (but doing engi- 
neering) average over 5 percent less (uipublished data in letter from 
Robert C. Daufferibach to Harrison Shull, February 28, 1988). 
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IV. CONCLUSIONS AND RECOMMENDATIONS 



Given the octiplexity of the subject vmtiex- stufy and the paucity of 
solid data available to illuminate the key issues involved in assessing 
the qualitative iaplicaticns of market responses to increases in the 
demand for engineers, the r^rt of this CODamittee should be viewed as 
a sunmary of an Initial, ej5)loratory effort. Despite these llinita- 
tions, hcwever, the Ocnmittee was able to arrive at a nuniber of oon- 
clusicns and reocnniendaticns based cn the enpirical evidence ztvailable 
and the esqseriences and judgments of the practitioners and scholars \it)o 
were involved in the study. 

Ihe Oarmittee reached the following major conclusions: 

1. There is no e v ide n ce that any perceived decrease in U.S. 
ccopetitiveness in viorld markets is attrllxrtable to the 
nonavailability of engineering talent of suitable qual- 
ity in U.S. industry. Ihere is positive anecdotal evi- 
dence that, at least in larger corporations, there has 
been a suf ficiait simply of engineering talent of ade- 
quate quality.-*** 

2. A substantial portdon of the job openings for engineers 
has recently been filled feon pools other than the tra- 
ditional supply source, new U.S. -citizen engineering 
degree recipients. 

3. One significant nontraditional source has been degree 
recipients fron closely related fields— for exanple, ge- 
ology/ physics, chemistry, mathanatJ.cs. The siphoning 
off of these students into engineering may have been 
partially responsible for the lack of increase in Eh.D. 
degree production exhibited by these fields in recent 
years. 

4. Ancfther important nontraditional pool used to fill these 
job openings has been foreign-bom engineers. Biis has 



An extensive review of the literature on education and prx>- 
ductivity reeu*es a similar conclusion. See Richard Kazis, The 
RelatdansMp Between Education and Prodactivity: ImpLicaticns far 
the Ocmpetitiveness of American Manufacturii^ and the Movement 
far Educational Reform, urpublished paper, January 1988. 
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been particularly true for job openings in acacJerae, 
\*>ere a growing nuniber of noncitizens v4io have earned 
doctorates in engineering frm American institutions 
have been and are being recruited to fill faculty 
vacancies. 

5. Jifea engineering degree production is sonievAiat responsive 
to increases in opportunity, particularly at the bacca- 
laurate level. Biere is, however, a lag in this re- 
sponse occasioned by the time required to ccnplete re- 
quirements for Che degree. This time lag is even longer 
at the doctorate level, vAiere it may take 6 or more 
years to acquire the degree. It is not dear, however, 
that graduate education responds to the same demand 
factors that seem to affect baccalaureate production. 

6. Ihe response fton these various sources of simply has 
been such that the relatively rapid growth in engineei^- 
ing employment that has occurred since 1972 has been 
aoccwmodated with relatively little increase in either 
real or relati\'e salaries of engineers. Ihis suggests 
that the si^ly of engineering talent has been hiciily 
elastic and capable of adap' — ig to wide swings in em- 
ployment. 

7. The Ccinmittee could not assess the inpact of recent mea- 
sures to inprove the ccnpetitiveness of industrial firms 
(e.g., downsizing, increased use of conputer^related 
technologies) on the demand for engineers. The Ooaranit- 
tee believes, hcwever, that these efforts will result in 
an i^jgrading and more effective utilization of the ex- 
isting engineering work force. 

8. looking to the future, the Committee anticipates that, 
given ejqpected demographic trencas, the need to rely on 
sources other than new U.S. engineering degree recipi- 
ents will continue. Althoa^ axitcmation of engineering 
activities has raised and is expected to continue to 
raise the level of productivity of those inwlved in 
engineering work and despite the recent efforts of many 
industrial firms to downsize their work forces in order 
to maintain or iiiprove their ocatpetitive positions, 
there will still be need to utilize nontraditional 
sources of engineering work. 

9. Practitioners froen industry v«io were consulted by the 
CJcanmittee believed that the need to fill job openings 
with i3idividuals recruited from nontraditional sources 
did not result in an immediate reduction in the quality 
of the engineering work force. Althou^ meeting the need 
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in this way involved sane cx3sts fcsr in-service or career 
training, the costs were believed to be insignificant. 
Moreover, these costs may partially be offset by the 
Icwer salaries fraquently paid to individuals vdth de- 
grees in other disciplines, ihe Ocramittee en?tosizes, 
however, that this conclusion is based on inpressianis- 
tic evidence rather than on hard data. 

10. Practitioners from academe consulted by the Ccmnittee as 
part, of the study believe that the growirg need to fill 
faculty positions with foreign-bom engineers is not a 
cause for major ooncem, althot^ oonoems were ex- 
pressed aocut F^ssible limitations that might exist ir 
the teaching c^abilities of seme because of language 
difficulties or cultural attitudes. By and large, these 
new faculty members are strong in tneir research ceqja- 
bilities. Here again, the Oooiiiittee wishes to enchasize 
the impressionistic nature of this evidence. 

11. The Ocinmittee strongly believes ♦•hat the growing proni- 
nence of the foreign-bom on v-^ engineering faculties 
is synptctnatic of a more fundamental prcblem: the appar^ 
ent unwillingness of American stui3ents to choose jareers 
in engineering that requiia the doctorate. 

12. In-service training of engineers recruited frcm other 
disciplines and continuing education of career engineers 
are iirportant to filling jobs effectively. They enable 
firms to fill these openings with a ^11^n^^mlm loss in per^ 
formance and they ej^and the available supply by extend- 
ing the careers of engineers performing state-of-the-art 
engineering functions. Uhfortunately, little hard data 
exist to document the extent to which these training and 
education mechanisms are used and their effectiveness in 
allowing firms to meet their recruitment needs. 

Based on its findings and conclusions, the Committee offers the 
followirg reccnmendations: 

1. Both the Administration and the Congress should take 
steps to apsure that the recruitment of foreign engi- 
neers is not made more difficult than it is now. These 
engineers are an essential source of su^jply, especially 
to academe, and can be expected to continue to be such a 
source until more Araericaii students aje persuaded to 
pursue doctorates in engineering. 

2. Steps should be taken to encourage more American stu- 
dents to pursue doctorates in engineerirg. One promis- 
ing mechanism for achieving this objective is to in- 
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carease the number emd stipend size of fellowship emd 
assistantship s u pp o rt provided by the federal govemaent 
and industry. Another is to increase the amount and 
quality of equipment avedlable on caiopuses for engineer^ 
ing research. Yet another is to reduce the amount of 
effort and the range of uncertednty that exist in secure 
ing federal research funding. Finally, industry should 
relnforoe the jbooportanoe of graduate education for U.S. 
students by presiding rsMarding jdD opportunities and 
careers to engineers having graduate degrees. 

3. Steps should be taJ^an to deq^en the pool of students 
with the backgrounds necessary for pursuing careers in 
either science or enginr^ering. Iiiportant mechanisms for 
achieving this objective incaiade (a) lirproveraent in the 
amcunt and quality of science and mathematics education 
given to students in elementary and hi^ school and (b) 
encouragement of an increasing number of v^/onen and mean- 
bers of underr^)resented racial/ethnic minority groips 
to select engineering as their careers. 

4. Federal policy should be conducive to the continued and 
more extensive vise of in-service and continuing career 
training by industrial firms. Engineering societies 
should consider requiring continued education for pro- 
fessional engineers to retain their licenses. 

5. Federal policy should encourage the adaption of informa- 
tion technology in engineering functions in order to be 
able to make more effective use of the existing engi- 
neering work force. 

6. More information and researdi is needed about the utili- 
zation of engineers in industry. Little is known at the 
present time about the inpact of measures taken to im- 
prove industrial oaoapetitiveness on the activities and 
the productivity of engineers. 

7- More research should be conducted on the determinants of 
retirement and career choice decisions in order to 
imderstand better the implicatians of existing and fu- 
ture demogrsgahic patterns. 

8. More information is needed abcut the extent and irpact 
of in-service and continuing education programs and how 
they interact with the rapidity vdth \(*iich skills, 
learned \*iile acquiring the engineering degree, beocan^e 
obsolete. 

9. CXir ability to formulate effective policy with respect 
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to the educatlcn and utilization of engineers requires 
better tmderstanding of current and future job openings, 
their detemdnants, and the types of Skills required to 
fill them effectively. Our Inability to ocnpile 2?3pro- 
priate inf oznation to illuminate key issues arises in 
large part frcnt the sporadic and discontinuous attention 
that has been given to them in the past. 

10. W& should learn more about the management of the engi- 
neering function in industry, the incentives applied to 
encourage better engineering education, and the applica- 
bility of postgraduate enrfineers in industry. Case 
studies of this issue would Toe egapropriate. 

11. Ocnpxter science and engineering manpower data should be 
mcane carefully prescribed and collected. 

12. MoKB information is needed on individuals \A)o do engi- 
neering work but \*o hav? no engineering degrees. Spe- 
cial studies of this gra?) would be worthsAiile. 

13. The Ocnimittee reoommends deeper studies of the quality 
of engineering work produced by degreed engineers as 
ocnpared to that of nondegreed workers. Tlie feasibility 
of such studies should be assessed. Some ocnparative 
international data may be avadlable, and further studies 
in these areas should be stimulated, especially in view 
of the concerns over intemationea oonpetition. The 
relative nvnnber of engineers used by our stiongest 
industried oonpetitors should also be studied. 
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APPENDIX TABTE 1: Engineering Enployment, 1972-1986 (thousarris) 



Yeecc 



Toftal Enplcyed* 



Enployed in Science 
or Engineering** 



Ratio 



1972 

1976 
1978 
1982 
1984 
1986 



1,372 
1,539 
1,847 
2,214 
2,440 



951 



1,278 
1,427 
1,719 
2,062 
2,243 



887 



.932 
.931 
.927 
.931 
.931 
.919 



* NSF definition. 

**As defined in this r^rt. 

SOURCES: National Science Foundation; Ulpublished tabulations. 
Office of Sciaitific and Engiiisering Ffersonnel. 



APPENDIX TABLE 2: Percentage of Enplpyed Er^ineers, 
by Age, 1972 and 1982 



Age 


1972 


1982 


Under 25 


2.5 


1.2 


25 to 34 


29.6 


28.0 


35 to 44 


30.3 


30.8 


45 to 54 


25.0 


22.2 


55 to 64 


10.3 


15.4 


65 and Over 


2.4 


2.4 


TOTAL 


100.00 


100.00 



NOTE: Biese data desci.-ibe the age distribution of 
those v*io either reported engineering as their occu- 
pation or had degrees in engineering. 
SOURCE: Uhfwblished OSEP tabulat * ms. 
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APEINDIX TABIE 3: Trends in Engineering Pipeline Variables, 1972-1986 





1 


2 


3 


4 


5 


6 




Age 


College 


HS Grads 1st Year 


Engineering 


Engineering 


Year 


18-21 


Enrollment 


Xt-ll 


Enrollment 


^ T M \ 

Enroll (t-4) 


B.S. 


1972 


15517 


9214.8 


2937 


2171.3 


77.5 


44.2 


1973 


15910 


9602 . 1 


3001 


2248.1 


74.1 


43.4 


1974 


16261 


10223.7 


3030 


2392.9 


71.6 


41.4 


1975 


16674 


11184.9 


3073 


2543.6 


58.6 


38.2 


1976 


16995 


11012.1 




^ J / / . ^ 


52.1 


38.0 


1977 


1722i5 


11285.8 


3148 


2431.6 


51.9 


40.1 


1978 


17406 


11260.1 


3155 


2422.4 


63.4 


46.1 


1979 


17505 


11570.0 


3127 


2538.1 


75.3 


52.6 


1980 


17553 


12096.9 


3117 


2625.1 


82.2 


58.1 


1981 


174^16 


12371.7 


3043 


2636.2 


88.8 


62.9 


1982 


.17304 


12425.8 


3020 


2505.0 


95.8 


67.0 


1983 


16911 


12464.7 


3001 


2444.0 


103.7 


72.5 


1984 


16384 


12241.9 


2890 


2357.0 


110.1 


76.9 


1985 


15810 


12247.0 


2773 


2292.0 


115.3 


78.0 


1986 


15252 


12338.0 


2683 


* 


115.3 


78.0 




7 






8 


9 






College Enrollment 


i.st Year 


Erigineering Enrollment 




Aae 18-21 




HS t-1 


1st Year 




1972 


59.4 






73.9 


2.4 




1973 


60.4 






74.9 


2.3 




1974 


62.9 






79.0 


2.6 




1975 


67.1 






82.8 


3.0 




1976 


64.8 






75.9 


3.5 




1977 


65.5 






77.2 


3.7 




1978 


64.7 






76.8 


4.0 




1979 


66.1 






81.2 


4.1 




1980 


68.9 






84.2 


4.2 




1981 


70.9 






86.6 


4.4 




1982 


71.8 






82.9 


4.6 




1983 


73.7 






81.4 


4.5 




1984 


74.7 






81.6 


4.5 




1985 


77.5 






82.7 


4.5 




1986 


81.3 













* rata not aveiilable. 



NOTE: Column 7 = (oolum 2 divided by column 1) x 100; column 8 = 
(column 4 divided ty colvmn 3) x 100; column 9 = (column 5 divided by 
column 4) X 100. 

SOURCES: Center for Education Statistics, Digest of Education Sta- 
tistics, Washington, d.C. : U.S. Government Printing Office, 1987; 
U.S. Department of Ccraneroe, Bureau of the Census, statistical Ab- 
stract of the United States, Washington, D.C: U.S. Government Print- 
ing Office, 1986; Engineering Marpcwer Commission, Fact Book on 
Higher Education, New York: EMC, 1987. 
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APPENDIX TABIE 4: Trends in Incxsnes of Professional, 
Technical, and Kindred Wbrkers and the Consutter Price 
Index, 1972-1986 



Year Average Inccmne Consumer Price Index 



1972 


$13,542 


125.3 


1974 


14,873 


147.7 


1976 


16,939 


170.5 


1978 


19,729 


195.4 


1980 


23,026 


246.8 


1982 


27,940 


289.1 


1984 


31,423 


322.2 


1986 


34,503 


328.4 



SOURCES: U.S. Department of Caramerce, Bureau cf the 
Census; and U.S. :)epartment of Labor, Bureau of Labor 
Statistics. 



APPENDIX TABIE 5: Ratio of Engineers* Salaries to Incxames of Profes- 
sional, Technical, and Kindred Wor3cers, 1972-1980 



Year Number of Years Professional Engineers/ 
Since Baccalaureatf> 





0 


6 


15 


25 




1972 


0.79 


1.05 


1.33 


1.49 


1.19 


1974 


U.82 


1.06 


1.37 


1.51 


1.23 


1976 


0.84 


1.09 


1.41 


1.58 


1.25 


1978 


0.81 


1.09 


1.44 


1.60 


1.20 


1980 


'>.85 


1.09 


1.38 


1.52 


1.21 



SOMES: U.S. Bureau of the census. Engineering Mamower Commission, 
and Bureau of labor Statistics. 
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APPENDIX TAHLE 6: Ratio of Engineers' Salarlds to Incomes of Profes- 
sional Specialty Occi;?)ations, 1982-1986* 



Year 



Number of Years 
Since Baccalaureate 



Professional Engineers/ 
Professional Specialty 
Occt^ations 



0 6 15 



1982 
1984 
1986 



0.86 
0.83 
0.83 



1.10 
1.06 
1.08 



1.37 
1.31 
1.39 



1.50 
1.41 
1.53 



1.17 
1.12 
1.14 



* This table is a continuation of ^^jpendix Table 5- However, it should 
be noted that in 1982 the taxonosnay was changed such that "professional 
specialty occt^ations" replaced "professional, technical, and kincSred 
workers." 

SOURCES: U.S. Bureau of the Census, Engineering Manpower commission, 
and Bureau of labor Statistics. 



APPENDIX TABIE 7: Ratio of Engineers' Salaries to WeeJcLy Earnings of 
Workers in Private, Nonagricultural Industries, 1972-1986* 



Year Number of Years Professional Engineers/ 



1972 


1.56 


2.08 


2.64 


2.95 


2.36 


1974 


1.57 


2.04 


2.64 


2.91 


2.36 


1976 


1.62 


2.10 


2.72 


3.04 


2.42 


1978 


1.58 


2.11 


2.78 


3.09 


2.33 


1980 


1.67 


2.14 


2.71 


2.9r 


2.36 


1982 


1.80 


2.30 


2.87 


3.14 


2.44 


1984 


1.78 


2.27 


2.80 


3.02 


2.41 


1986 


1.88 


2.44 


3.14 


3.47 


2.59 



* Weekly eamix^s were multiplied by 50 weeks. 

saiRCES: U.S. Bureau of the Census, Engineering Manpower Commission, 
and Bureau of Labor Statistics. 



Since Baccalaureate 



Workers in Private, 
Nonagricultural Industries 



0 6 15 
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WORKSHOP ON INDICATORS OF THE QUALITY 
OF IHE PERFORMANCE OF ENGINEERS 

August 20, 1987 
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8:00 Continental Breakfast 

8:30 Welcane Alan Fechter, Executive Director, 

Office of Scientific and Engineering 
Peroonnel 

Overview of Study Harrison Shall, Chainnan, Committee 

and Purpose To Study Engineerir^ Labor-Market 

Adjustments 

Data Used in the Stuc^ Alvin Cook, Consultant 

9:00 Panel Discussion: Quality of Performance of Engineers 
from Different Perspectives 

^^fxinamics: w. Lee Hansen, Uhiversity of Wisconsin 

Sociology: PcJxrt McGinnis, Cornell TJniversity 

Industrial Psychology: Alan Porter, Georgia Insu^cute of 

Technology- 
Case Studies: Gerald I. Susman, Pennsylvania State 

University 

10:30 Break 

10:45 Open Discussion 

12:00 Ivnch in NAS Refectory 

1:00 Cbncurrent Sessions: Ev luation of Engineering Personnel 

In Academia: f. Karl Willenbrcxk, American Society 

for Engineering Education 

in P^D Industries: James Bogard, United Itechnologies 

Center 

In Non-R&D Industries: AlvLi J. Bernstein, General Electric 

Conp^ny 

2:15 Break 
2:30 Open Discussion 
3:30 Concluding Remarks 
3:45 Aujoumment 
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National Science Foundation 

Dr. Dale Conpton 
Senior Fellow 
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Research Fellow 
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Independent Consultant 
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Project Secretary 
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Staff Officer 
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Office of Scientific axxi 
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National Academy of Sciences 

Dr. Michael Finn 
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Independent Consultant 

Dr. Frederick W. Garry 
Vice President, Corporate Engi- 
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Dr. W. Lee Hansen 

University of Wisconsin-Madison 

Mr. Dale B. Hartman 
Hu^^es Aircraft Conpany 

Ms. Ruth Hatfield 
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Harvard University 
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QJKLm OF PERPOFMANCE .JCWG ENGINEERS: 
THE PERSEECITVE ERCM ECJCNCMICS 



W. Lee Hansen 

University of WisfX>ns±n-Madison 



INTRDDUCnC»I 

What insii^ts can the discipline of ec»ncaidcs, particaiLarly the 
specialty of labor eoancndcs, offer on the quality of the performance 
of engineers and possible indicators of such performance? This is an 
intriguing new question that, to the best of ity knowledge, has not been 
asked in the long history of concem about the labor market for engi- 
neers. CJonsiderable attention has been given to defining engineers, 
cbserving dianges in the number and ocnposition of engineers, and 
analyzing the labor market for engineering personnel. In all of this 
work, the focus has been en numerical counts of engineers and the earn- 
ings of engineers with differing characteristics; at best, there has 
been only passing reference "-o the quality of their performance. 

In an attenpt to fil.. this ge^ in our knowledge, this paper sur- 
veys frcm the vantage point of eoancnrics what is known about the qual- 
ity of the performance of engineers. The paper begins by discussing 
the role of engineers in the production process, offers some general 
observations about the labor market for engineers, moves on to discuss 
tiie liiikage between pay and perfonnance for engineers, then examines 
the range of poisihle adjvjstments to sudden changes in the labor market 
for engineers, .>r inally offers several suggestions about the types 
of indicators 'uiac u^t be xiseful for assessing the quality and flexi- 
bility of the nation's cjtock of engineers. 

THE ROLE OF ENGINEEESS IN ERDDUCnCW 

Engineers play a multifaceted role in our eooncmic system. On the 
one hand, they are employed in the production process to produce an 
array of cutjwts, including a variety of both goods and services. For 
an employer of ejigineers, the task is that of finding the most effi- 
cient ways of using this costly resource. This involves effective 
I'tilization of the talents and skills of engineers so as to minimize 
tiie costs of this scarce labor input; it also requires that engineers 
be rewarded for the valiae of what they produce. At the same time, the 
larger task of engineers is to devise new equipment, techniques, and 
processes that enhance the efficiency and productivity of other workers 
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vdio turn out the goods and services demanded by ultimate consumers. In 
this sense, engineers add to the productive capital of the econotty and 
help to move the production frontier aitward. To achieve this objec- 
tive, eiiployers of engineers must provide the guidance and resources 
that will, in cost-effective ways, enhance the possibility of producing 
new goods and services and eLLso bring about cost savings in producing 
the existing array of goods and services, Ihese productive activities 
are carried out by individuals in varicus settings — ^teachers and re- 
searchers in academic institutions, research and developnent special- 
ists in nonacademic organizations, and line professionals in nonaca- 
demic organizations. In this sense, engineers r^resent one of our 
most crucial forms of human capital, Olieir knowledge and skills are 
used in direct production and also in producing new physiceiL and human 
capital that is errployed by other workers in direct production. 

Engineers play still another role throu^ the production of new 
engineers. A «^mall gracp of engineers with advanced training devotes 
its attenticm to this task. Seme fraction of newly produced engineers 
must be offered additional training as instructors so as to assure the 
reproduction of future generations of engineers and, in turn, future 
instructors of new engineers. MeamAiile, engineers with considerable 
e55)erienoe must devote some of their efforts to providing on-the-job 
training to less e>q)erienced engineers so that the latter groap can 
becconcie more proficient and knowledgeable about the work they do. Ihuft, 
a not insignifi.Ccnt part of the engineering labor foroe is involved 
(a) in tlie direct production of new engineers and of new engineering 
teachers who will train future engineers and (b) in providing training 
to less experieryxd engineers sc as to ennaixe their productivity as 
engineers. From a social stanc^int, it is essential to apply cost- 
effective approaches in the production of new engineers, in the ad- 
vanced training of new instructors of engineers, so as to ensure that 
newly trained engineers in the future will be more productive than 
their predecessors, and in the on-the-jcb training of less experienced 
engineers, so as to ensure that they can become even more productive, 

Ihe point is that engiiieers involved in production, education, 
advanced training, and on-the-job training produce direct outputs as 
well as outputs that become ir^puts to the production of direct outputs 
in the future. All of this may seem rather obvious. Yet it is impor- 
tant to stress this wide range of activities as we undertake the search 
for measures of perfontance. 

Hew can we try to isolate the productivity of engineers engaged in 
this diverse range of activities? Economists naturally think of apply- 
ing production-function analysis, Ihis enables us to view output as 
the end result of ocambining an array of inputs, vihich are transformed 
through the productioiVeducatiaVadvanced training/cn-the-job training 
process into an appropriate form of output. Even if we ocxild establish 
the dimensions of the input-output relationships and thus be able to 
select seme ''best practices" approaeh, we would not necessarily be sat- 
Hed becaiise we imast adso take into account differences in the costs 
or the various iiputs used, Ihe greatest efficiency in oomtining 
physical outputs may be at odds '^^ith coanbining thr^ outputs in the 
least-cost fashion. 
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We knew almost notMng fron the production function literature 
about the relative conTtriiwtion of engineers v*o ar^ er^ged in any of 
the major activities descrited above. The outputs of interest have not 
been identified with any precision. Ihe various ir??jts are often dif- 
ficult to specify. The avsdlable production-function models are usu- 
ally too sinple to embrace the complex and subtle relationstdps that 
link inputs and outputs. And finally, the data on inputs, outputs, and 
their linkages are grossly underdeveloped, for the various reasons 
listed above. Hence, any effort to rush out and estimate production 
functions is unlikely to yield much of interest or vsLLue. 



GENERAL OBSEFWaiTCNS CN REWARES PGR T^iaTNFRRS 

The operating assuirption * econcndcs is that, on average, workers 
are rewarded for the valvje of wnat they produce. In a sense, the ocm- 
pensatiOTt-^ges and salaries as well as fringe benefits— that people 
receive for their labor is the sapresae measure of performance. Conpen- 
saticn from work enables individuals to ccinmand the rescurxses that they 
need to live satisfying lives. Ocnpensation is also widely viewed as 
an indicator of people's worth in this world; in short, it is a coraraon 
measure of prestige. While there is clearly more to life and to the 
productive potential of individual workers than the amount of their 
ocnpensation, econcntists have focused on the wage and sedary ccnponent 
because of its prime importance in understanding how labor markets 
work. 

The phrase ixsed above, "the valvje of v*at [people] produce," is 
i"tself ambiguous. What people produce is reasonably clear vihen a spe- 
cific physical output is the result of their work. Putting a dollar 
value on that artpst is typically much more difficult because of the 
jointness of production—that is, the fact that the production of sane 
cutput usually involves the collaboraticai of a number of different 
workers, not to mention other types of ircpat such as materials and 
capital. When vfliat workers produce is less specific and tangible airi 
is perhaps multidimensionEa. in its nature, difficulties arise in speci- 
fying that output. Perhaps the term "perfomai-ice" is as close as we 
can get to describirg the output of such workers. In a sense, perfor- 
mance is a proxy for output, as reflected in the language of "job eval- 
uation" and "job performance" from the persoistel management field. 
Thin usage may not be inappropriate \*ien applied to engineers. Their 
cutjiut involves performing a variety of functions, among them research, 
man^'gement, design, operations, and sales— all of which contribute to 
the output of their organization but in ways that are not easily iso- 
lated or described. This lack of well-defined out?x±s contributes to 
the difficulty of attaching a value to the work they do. 

Even if we aocqpt the proposition that, on average, workers are 
paid for their performance, the likelihood is low that all, or perhe^ 
even most, individuals are paid amounts equivalent to the valvje of what 
they produce. Scroe individuals will be paid salaries greater than the 
value of what they produce, and others will be paid less. The exact 
relation between actual salaries and the value of vhat workers produce 

61 



72 



renains unknown. The reasons that salaries are likely to cJeviate from 
tiie vedue of \*at workers produce are nuireroas, and frequently they are 
lunped together under the term ••market litper ''ections." Ihere are sev- 
eral types of market inperfections: (1) elenfcnts of monopoly and mo- 
nopsony power may lead to systematic divergences between the valioe of a 
worker's marginal product and the wage that he or she is paid; (2) the 
considerable differences between semdngly similar individual workers 
and between seemingly similar jobs are so great that it beccroes diffi- 
cult for oitsiders to make ocraparisons among them to determine how 
closely the pay received by individual workers is matched to their 
performance; (3) making an assessment of the value of \ghat individual 
workers produce is difficult and costly, both for eaarployers who decide 
on \ihat to pay workers and for workers \*o attenpt to assess the appro- 
priateness of their pay; and (4) barriers to ending enployment rela- 
tionships—for workers, the costs of finding new jobs, and for employ- 
ers, the costs of finding r^laoements, ccnpounded by a variety of 
legal, financial, and other barriers to withdrawing frxan an employment 
relationship. In addition to these standard caveats, there is no 
assurance that the current condition of the labor market i^ stable 
— that is, the market may be ac^usting to seme outside change, such 
that earnings today may not bear a direct relationship to earnings 
yesterday or tcmorrw. 

For these reasons there are opportunities for individuads to im- 
prove their eoonoaffiic situation and for enployers to improve the effec- 
tiveness and performaix3e of their labor force. This gives rise to seme 
frictional level of job chaining by workers and of worker turnover for 
enployers. If, hcwever, changes occur in overall salary differentials 
as a result of sm^ outside change, such as a demand shock, labor mo- 
bility and turnover will increase as ar'iitional opportunities become 
available to workers, vahatever the case, there need not be responses 
by all workers or by all employers. As long as some of them resoond, 
forces are set into motion that reallocate labor and thus iaoprcrve the 
efficiency of tlie labor market. 

Aside from the effects of job mobility and employee turnover, the 
link^ between cxirrent earnings and correrrt performance is not as 
strai^tforward as the above description suggests. An inportant reason 
is that employment xasually involves an iirplicit contract between a 
worker and an enplqyer for a substantial tine period. Ihe essential 
point is that because the employment relationship is expectBi to be of 
long duration, there is need to ensure that oarpensati<»i equals the 
vrlue of vtet a worker produces over the career of the workev rather 
than on a week-to-week or even year-to-year basis. This becomes most 
apparent \*en we think of the costs that ertf-aoyers incur \*en they hire 
new workers cind vAien they train them, as exeitplified by human capital 
theory. 

Ihis situation can be illustrated as follows. Because of the 
costs of recnaiting new enployees, an enpla/er cannot typically force 
these costs onto enplcyees either before or immediately after hiring 
them. Instead, these costs are reccxxped by payL^^g the worker less than 
the value of vfaat he or she produces over sone longer period until 
these costs are fully recouped. Ihe same applies to firm-specific, 
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on-the-job training provided by the enplpyer. Such training is oosUy; 
and for the enplcyer to rectxp these costs, it Li essential that the 
newly trained vrorter continue the aiplpyinent relationship, receiving 
wages that are less than the value of vAiat the worter produces, at 
least until the training costs are recot^jed. Simlarly, becaxase 
workers do not want to have to reenter the job narlcet each year and 
ther^ incur the costs of searching for new enployment, they expect to 
and indeed are willing to pay seme of thrs costs of both recruitment and 
training in their present jobs. Uiis is acocnplished hy their receiv- 
ing pay that is less than the value of v4iat they produce, at least 
until these costs are fully recovered ty the enaplcyer. 

Still another dimension to theuj enployment relationships affects 
the linkage between \*at workers are paid and the valvie of v*iat they 
produce. In order to ensure that valxaed eitplcyees do not leetve ani 
take with them the valuable training and ejqjerience that they may have 
acquired on the job, employers will try to "lode" them into an enploy- 
ment relationship by offering increased cxupensation but in the form 
of, say, retirement benefits that cannot be converted into inmediate 
ca^ Indeed, eaaiplqyees often prefer sacrificing some of their current 
°cnpensation for delayed ccnpensation, that which ccnies after they have 
retired ficon the labor force. Not only does this help smooth out their 
lifetime inccne-consunpticn pattern, but it also obviates the need for 
them to save for retirement. 

Of course, there will be differences among the several categories 
of engineers. Academic engineers ^ have published extensively will 
have independent rqputaticais and are more likely to be sou^t by other 
enplcyers than others v4io are excellent teachers but v*io have not been 
widely published; teaching n^wtations are much more difficult to pub- 
licize in the engineering labor market. H&D emineers '-110 develcp 
patentable processes and products can also be valued moxc easily by 
other enplcyers because the evidence of v^t they have done can be 
studied independently of the individual. Non-R&D ei^ineers produce 
output that is most specific to their employer and, hence, face greater 
difficulties in disseminating information about their prxxiuctivity and 
performance. 

Generalizing tht^e several dimensions of human investment theory 
and the theory of inplicit crntracts produces the typical length-of- 
eaqjerience earnings curve. This curve rises steeply in the early 
years, rises progressively more slowly with additional years of expe- 
rience, and then displays a sharp drop at retirement. To the extent 
that pension benefits are provided by die eitployer, the curve displaj^s 
a flat or perhaps rising tail in retirement. A n^resentation of this 
curve is shewn in Figure 1. While there may be one or more years when 
earnings happen to match the value of what is produced, the ccranoi 
assunption that eamir^' profiles reflect the value of what workers 
produce is misplaced. About all that we can say, then, is that workers 
are, on average, paid the value of their marginal product over their 
lifetimes. 

All of this has beccrae institutionalized in the formal salary 
schedules now so pervasive for engineers in whatever sector they work. 
These schedules, shown in Figure 2, provide a well-defined series of 
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Figure 1. Cross-section of a typical life-cycle earnings' profile. 
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Figure 3. Successive cross-section earnings* prrfiles for saone jcb. 



annual salary increases that are tied to years of experience. Indi- 
viduals move aloncf these schedules (itcveraent fron A to B) ; outstanding 
perfo rmanoe can hrxrg accelerated movejoent along the schedule (mcrveanent 
fcon A to C) ; and prcnoticns can boost people onto hicfher paying sched- 
ules (movanent fron A to D) . These schedules, however, are not static. 
They are adjiasted inward each year or so because of increases in pro- 
ductivity, inflation, and the like, as shown in Figure 3. As a oonse— 
quenoe, the actxal experiencse eainir.gs' profile is steeper than is im- 
plied ty the cioss-section relationships; instead of the mcrvement fron 
A to B in Figure 2, the movement will be frm A to BB in Figure 3. 

Emplcyers can be viewed as having moved to establish salary scned- 
ules because of the difficulties and costs of assessing individual per- 
formanoe. As these salary schedules became more pervasive, and as an 
Industry of job evaluators develops and increasingly gears its reoott- 
mendaticns to the salaries that it observes in the market place, the 
sciiedules established by different firms have beccme Increeisingly simi- 
lar. However, salary schedules are likely to be least prevalent in 
acadeanic institutions, viiere engineers engage in extensive research 
activity and vftiere differences in performanoe are most clearly evident. 
And they are likely to be ipost prevalent for line engineers, v*ose per- 
formance is least susceptible to outside evalxiation. 

While salary schedules are convenient for many of the reasons 
already mentioned, they greatly reduce the flexibility needed to link 
salaries to performance and to maintain that linkage over time. Tne 
rigidity of the schedules makes it more difficult for enployers to 
recognize the si?)ericr performanoe of their outstanding workers because 
doing so requires deviating from the aco^Jted salary schedule. To the 
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extent that these talented people cannot be adequately cxxTiensated, 
they may search cut and then accept other jobs that put them Oi. hi^ier, 
and perh^ also steeper, salary schedules > Because weak performers 
are liJcely to be more generously rewarded within the organization than 
they would be by the market place (e.g., by another firm), they will 
have little or no incentive to leave their present jobs. As a cca^se- 
guence, firms that atteupt to "grow their own" talent and utilize well- 
defined salary schedules face the prospect of losing their most produc- 
tive personnel and consequently retedning their least productive 
personnel. Firms that need to attract additional personnel will have 
to go cut and bid for them in the market place by offering higher 
salaries. 



THE PAy-PERPORMfiNCE UNKftGE 

Despite all these difficulties, there has be^-n considerable ertpha- 
sis on using job performance ratings as a basis for salary incareases. 
Hiis is reflected by the development of job evaluators and by the in- 
creasingly formalized structures that managers must use in evaluating 
their err Iqyees for salary in^jreases. Relatively little research ap- 
pears to have been done shewing how these evalxaations affect actual 
salary increases. Econdtaists, surprisingly, have given considerable 
attention to investigating the detenrdnants of the annual earnings of 
engineers, ijxorporating into their analyses, vSienever possible, mea- 
sures of performanoe. Ihe fragmentary evidence asseaiibled by eooncDiists 
suggests that the link between job performance and earnings is quite 
weak; viiether this is the result of the limited nature of the extant 
studies remains uncleeir. 



Single-Equation Earnings' Model 

In viewing the inpact of performance on earnings, eooncraists 
typically enplcy two approaches. One ^roach is to estimate a 
single-equation earnings • model lasing multiple r^ression analysis, 
vAiere: 

(1) In Ei = f (PiCi Ci) 

where E is the log of eamirgs, Pj^ is a vector of per- 
formance indicators, C is a vector of control variables, 
and is the error term 

Ihe partial r ression coefficients for the performance indicator (s) 
e3q)ress the pexoentage effect on earnings of a xmit difference in the 
performance indicator after ocxitrolling for other variables, Cz, that 
are of no particular interest but vAiich may obscure the true raLatioix 
ship between earnings and performaxxue. ISifortunacely, the pe-^orraanoe 
ind.icators available and typically used are extremeiy limited. In the 
absTJx^ of good performancf indicators, these studies roi^t include as 
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independent variables such characteristics as esqierienoe and age- 
squared (to reflect the progressive slowing in the rate of increase in 
earnings), years of schoolijig (to reflect himian capital), and gender 
and raoe-ethnicity (to capture the effects of discrimination) . Oontcol 
variables might inclxade such itans as region and industry so that the 
effect of the performance indicators will not be "itaminated by these 
other variubles. In a few cases information is Jlable on more di- 
rect indicators of performanoe. Par academic engliieers this might in- 
clude nuBDbers of publications, patents, teachiirr evaluations, adminis- 
trative duties, ooE^sulting activity, and the lite. Itar nonacadanic 
engineers the ^ mailable information is l^ically even less abundant; as 
=1 result, information on job functions performed might hssve to be 
substituted for more direct measures of performanoe. On the other 
hand, information on cutputs such as patents mi^ be available. 

The single-equation e^roach duplies that all of the independent 
variables have direct effects on the dependent variable—in this case, 
earnings. To deal with the fact that the relaticnships between all 
variables are not linear, interaction effects can be introduMd to 
c^taae these relationships. Nonetheless, this approach forces an 
extremely sijple analytic structure on the data. 



Maltieqaatlon i^erfonaanae-Earnings Model 

Tb overccme this shortccming, another z^proach can be enployed. 
•Diis calls for using a raultieguation performance-earnings model, \it\ere: 

(2a) m Pi = fl (Diqc i), and 
(2b) = f2 (PiliCjci) 

where is the log of the performanoe measure, is a 
vector of the determinants of performanoe, Ci is a vector 
of control variables, Ci is the error term, is the 
log of aamings, is the predicted value of performanoe 
from equation (2a), and is a vector of independent 
variables affecting E^. 

It is one thing to propose this ? jond approach and quite another 
to aaplement it. While earnings can ce clearly defined and measured, 
the same cannot be said for performancs. Typically, performanoe is a 
multidimensional conc^. In addition, we must s^arate those vari- 
ables affecting performanoe fixm those affecting earnings, though sane 
variables may affect both; an example might be years of schooling as a 
determinant of performanoe (capturing an individual's fundamental 
}mowledge of engineering) and as a separate determinant of earnings 
(c^jturing an individual's qualifications that affect his or her salary 
directly via job qualificatioi requirements). Finally, we still face 
the task of separating the contribution of the engineer fixm that of 
allied worters, not to mention frm that of other, nonhuman iiputs such 
as capital. This is the classic problem of joanti>ess in prxxJuction: 
Hew does one separate cut the iapact on ou'qxit of me among a nuniaer of 
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interrelated iiputs? Still more ocraplicated imiltiequation lacxaels can 
be cxsnstructed to explore the determinants of p2a±icular independent 
variables in the performance equation {2a) • An exanple mi^t be the 
selection process by viiicii enplovees are hired. 

Tba e}^lanatory power of ttiese models is typically quite limited. 
And the practical significance of the regression coefficient from these 
stulles. is questionable if, in fact, the sedaries of engineers reflect 
the sh2^ of the underlying setLary schedule, \duch ce^rtures, at best, 
quite iiiperfectly the performance levels of particular individuals. 

Still another e^proach tries to develop a full-blown si?ply-demand 
model of the labor martet to estimate the effects of both si^ly and 
demand shifts on earnings and enplcyment. These simultaneous equations 
models have not progressed very far as yet, for many of the reasons 
already mentioned. 



AEOUSIMENIS TO CHANGE 

The foregoing discussion has attenpted to explain differences in 
salary eaid performance rather than changes in these differences result- 
ing from shifting labor-market conditions. E>5)ledning differences 
based on cross-section data is iirportant because it can help to give 
some feel for vfliat mi^t be the effect of changes in labor-market con- 
ditions. But too frequently, leaps of inference rre made about the 
effects of changes based on the effects of differences. For this rea- 
son it seems inixsrtant to try to correct this inbalance by outlining 
the kinds of adjtistments that we mi^t anticipate in the face of 
changes in labor-market conditions. 

ffe begin by concentrating on demand-side changes, vftiich involve 
dete rm i n ations by eaooployers about hew to adjvist and d^loy their labor 
force in the face of extemeG. changes. Demand-side changes are perhaps 
most critical because they typically occur rapidly, they quickly gener- 
ate labor-market effects, and above all they excite public policy at- 
tention, v*iich frequently leads to calls for ^governmental action. 

When there are sudden increases in demand for the services cf 
engineers, it is conoeivable that a "shortage" of engineers will de- 
velop—meaning that, in the short run, additional engineers cannot be 
induced into the labor market even if more attractive salaries are 
offered. Of course, scne adjustments may have already occurred as 
peop?^--^ vdth engineering-like knowledge and skills are attracted from 
related fields, retirees are cadled back to work, and sane engineering 
grad u a t es \*o mi^t have decided not to enter engineering enplcymant 
reconsider their decisions. Once this slack is taken vp, more serious 
adjustments must be cca it eiiplated by enoployers. 

Enployers have various options. One is to find ways of increasing 
ait?xit without using additional tmits of labor (more people) ; another 
is to increase the amcunt of labor provided by the same number of peo- 
ple; still another is to decrease attrition from the work force; and 
the last is to increase the number of new recruits to the work force. 
Each of these is discussed in turn. 
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Cope without Alditianal Wozkers 



Biere are various possibilities. In addition to substituting cap- 
ital and other types of labor for engineers, contracting out, and cur^ 
tailing hew much is produced, efforts can be made to increase worker 
productivity or perfomanoe. Bie test is vftiether productivity goes \sp. 
To the extent that it does, worlcers will benefit ttoough increased sal- 
aries. 



IncxBase the Hours of Existing Workers 

The nest obvious move for an enployer is to increase the nuniDer of 
hcurs that people are recjiired to work and, if need be, increase the 
pay for this work, m addition, woricers can be urged to work harder 
during the hcurs tbit they do work. Exhortations of this kind will be 
more favorably received to the extent that WDrkers will share in the 
gains. 



ifedlice Attrition Awong Workers 

To the extent that additional workers are desperately needed, re- 
tiranents can be deferred, diFsmissals can be reAxxd, prcnotional pos- 
sibilities can be enhanced, and efforts can be made to incarease job 
satisfaction. 



Increase Recxuitmsnt of N&f Workers 

Recruitment can be facilit:ated by raising pay, searching more in- 
tensively, iaproving working conditions, and providing more flexible 
hours. In addition, it may be advisable to reduce idrinj standards, to 
redesign jcbe so that less qualified people can perform them, and to 
increase the amount of training provided to new workers. 

Ohis wide array of adjustment possibilities greatly ocnplicates 
the task of trying to find indicators of perfomanoe. Moreover, the 
dimensions of these changes are so ccnplex that they do not lend them- 
selves to siaple indicators. Fear example, if we think of the amount of 
formal schooling possessed by wc_kers as a measure of the quality of 
the work force, then any adjustment that requires hiring "less quali- 
fied" (less educated) workers will represent a decline in performance. 
On the other hand, these less qualified people might be better trained 
an other ways and, henoe, of the same qiality. Or additional training 
cculd be provided to these ler^ qualified workers to bring them vp to 
par. Hiis would involve scrae cost, of course, but cculd be seen as the 
least-oost method of adjusting to change. 
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OCNCLDSICNS 



This exercise illiistxates cncse again hew little we Knew abcxit the 
performanoe of engineers. Die etvadlable research is extremely limited/ 
and little attention has been given to developing indicators of per^ 
f onnanoe and incxarporating than in the various kinds of analyses done 
by econcniists. 

This fedliire may not be as devastating as it seesns if we return to 
the theme of the op^iing section of the p8^)er. Ihe matters of ultimate 
iirportanoe are twofold. First, to viiat extent can the services of 
engineers be used more efficiently so as to red u ce or at least hold 
down the rate of increase in the cost of producing goods and services 
in v^ch engineers are important ixputs? Second, to \^t extent can 
engineers be made more efficient in developing new products and tech- 
niques that will increase the productivity' of other worlcers and, hence, 
e3^>and the array of goods that can be produced anchor reduce the cost 
of goods alreac^ produced? How to assartole evidence on these ques- 
tions is no easy task. My sense is that we will not be able to learn a 
great deal frcm macro-type studies. Nbr will the analysis of existing 
micro data yield any rich harvest of results. Ihe kinds of Information 
needed for such studies do not exist. 

My reccnroendaticn in the first instance is to ocnduct exploratory 
studies at the level of the firm to learn more about (a) vteit engineers 
do, (b) how their activities are linked to the production piX)cess, (c) 
how \)*iat they do contributes to the development of new goods and 
services, and (d) the cost-reducing effects of their efforts on other 
firms and groups of workers. Ihe case studies of the kind proposed are 
not only difficult to do, but eooncndsts do not have the training that 
would enable them to carry out such studies. Matters are further 
ccnplicated because of the low payoff in the profession to people who 
do studies of this kind. For all of these reasons, eccncmists are 
predisposed against case studies even thou^ an understanding of costs, 
production, and the like is esseiitial to the design and inplementatic^ 
of case studies that will elicit the kinds of eff6:±s discussed in this 
pe$)er. 

In the meantime, vtot types of indicators can we suggest that will 
erihaix^ our \nierstanding of the performance of en::xneers? First, it 
would be useful to know more about the range and success of productiv- 
ity-enhancing activities on the part of ertplcyers in their utilization 
of engineers. For instance, to ;^t extent have these activities re- 
lied on \Axat mi^t be cedled motivational efforts, on work redesign, 
and on substitution of capital equipment? Second, vteit kinds of cost- 
reducing practices have eaonplpyers developed in the utilization of their 
engineering work force? For exanple, to vAiat extent have they been 
able to substitute less skilled labor, contract out for engineering 
services, or manage with fewer but different kinds of engineers? 
Third, vAiat kir's of productivity-enhancing products, techniques, and 
the like developed by engineers have reduced the costs of other workers 
in producing goods and services and have expax)o> 'i the range of products 
and services produced? To v^toat extent have new technologies developed 
by engineers made for more efficient, lower cost productic«i by other 

70 



ERLC 



81 



yrorkers? What technologies? And In what Industries? lb what extent 
nave new products developed by er^ineers enlarged the range of choicjes 
available to cxsnsmners? What products and in v^iat industries? 

I wish I cxxad be uiore sipecific in offering ccnacete suggestions 
about how to proceed. It seems a^jparent that the potential contribu- 
tions of the discipline await both a more detailed understanding of 
v4iat it is that niaJtes engineers tick and also highly detailed data that 
can hi^i^t the dimensions of performance outlined earlier. This is 
a major undertaking—one that must begin at the bottom to develop, 
largely through case studies, our knowledge and understanding of the 
enganeering-eitplciyment relationship. 
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with d!«;tinct concems— that may shed sate \i^t en the as. ytians. 
Ihese are labor force demography and tiie sociologies of occupations and 
professions, labor markets, and science. , x.^ ^ 

Ihe concerns of demographers with the processes of birth, death, and 
migration that determii^ the size and ccrposition of pqpulations and their 
temporal dynami 3 are sufficiently well known to require no elaboration 
here. It should be noted, however, that demographic studies of the U.S. 
er^ineerii^ labor force are virtually the sole province of fedsral agen- 
cies such as the National Science Fcwnaation (NS: ) (see, for exanple, NSF, 
1985a, and NSB, 1985) . Relative to academic studies of the engineering 
labor force, our libraries bulge with scholarly demographic st iies of, 
say, r^roductive patterns of indigenous Inner Mongolian females. 

Sociolr>gists of occupations and professions have closer intellectual 
ties with ':raditianal sociological and social psychological analysis than 
with the analyses of massive secondary data sets that characterize demog- 
re^y. In one of the few investigations of ^t.s. engineers in this tradi- 
tion (Fferrucci and Gerstl, 19G9) , the index contains, uid-'r "engineers and 
ewjineering, " subentries such as "oononitment in," "extr/insic interest in," 
"family of," "psrsonality characteristics of," "stucient subculture of," 
and "television viewing of." Althou^ most of these topics are clearly 
out of the scope of CEIMA's concern, students of occqpations and profes- 
sions do touch on matters that have a bearing on cur oonoem. Ihese have 
to do with vfliat may be more subtle job qualifications in sane sectors, 
such as loyalty (to discipline versus to enployer) and the value of 
autononiy. 

labors-market sociologists are relatively new kids on a block that 
formerly was the turf of eoononiists. Many of the concems of sociologists 
and econcniists in this area are identical— variability in wage rates, 
urianployment, career patterns, otill, the sociologists claim to be a dif- 
ferent breed with new thii^ to say. In a recent chareic- ^ization, labor 
econanists were <3aid to follow the line of "neoclassical theory of wage 
determination and labor si:?3ply, with marginal productivity theory account- 
ing for the demand side and human C2¥)ital theory taking care of the sv^ply 
side. In contrast, sociological research ... [in this area originated 
in studies] describing socioeconomic attednment and socied ..ability pro- 
cesses for various population grot?)s" (Sorensen and Kalleberg, 1981:49). 
Ihe perspective of labor-market sociologists does have soroe possibly im- 
portant messages for xjs. Their enjiiasis on the influe n ce of backgrcund 
characteristics, such as pai^ental education, on socioeconcndc attainment 
cannot be ignored in the face of the changing demogre^ihic maloetp of new 
entrants into the engineering 3abor force. Bieir stress on career mci>il- 
ity patterns should alert us to pa:^ible losses of highly qualified engi- 
neers frcm positions for vftiich they are techniceilly qualified to others, 
such as management, for which their qualifications nay be less relevant. 

In this array of sociological perspectives, there is one that can be 
particularly useful to CEIMZV despite the fact that it has virtually 
nothing to say about er^ineering: that of the sociology of science. To 



My own area of research falls in the intersection of labor-force 
demography and the sociology of science. 
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consider the almost literal cord that has been sewn by NSF and other fed- 
^ agenci^ b^ween science -xnd engineering (S/E) would lead one to ex- 
pect .\ wealth of inforroaticrj and guidance frcm researxSi in the sociology 
of science about the careers of and labor markets for erwineers. Quite 
the opposite, in fact, is the case. Ihe "hot" areas for investir^tion by 
sociologists of -science are those in which chases are on for discovery, 
paradigm charge, and Nobel prizes. They appear to find engineers as unin- 
TS^^ ^^J^ ^ develcpnent side of research and development 
SSI'- ^ literature of the sociology of science has 

d^ in areas that will be useful to CEIMA: those of job performance an.1 

^^^^ 5 f^'^' ^^^^ ^ "° 2^ of sociology with which I am 

acquainted that is so deeply involved in these topics. Therein rest sev- 
eral problems that are discussed below. 

^ ^ sociological perspective that r^resents a set of 
Kttif ^ substantive area of researdi: the metliodological 

skills that aiable one to cany out analyses and interpretations of large 
data sets sudi as the o ccnpiled by NSF. These skills are by no me. the 
sole possessions of sociologists but are essential to iimlementing their 
perspectives in research. 

Ihe rraainder of this paper: examines selected issues in enginetarincj 
labor-market adjustments frcm a sociological/demograjMc perspective. It 
is particularly conoemed with trends in the catpoeition of IS^ engiiieer- 
ingletoor force and with implications of these changes for possible ad- 
justments .ill the labor market. A final brief section considers the per- 
f^f°t of engineers as a methodologic 1 prciDlem and in one of toree 
areas of Partioilar interest to the ccnimittee, academe, despite the fact 

^r.^L^J^'^ °^ that it is the smallest of the major 

enplcjyment sectors for engineers. ^j^^ 



ISSUES IN ENGINEERING IABC3R M2VRKBIS 

A major issue before this ccoimittee was well ejq>ressed by Rcbert M. 
White, president of the National Academy of EngineSig, in ^^^rd 

5°^^- 1984). mer assertSTS 

"our technically trainad wori<: force is of critical importance" to X 
^ iSte^w^f^ °" ^ ocnpetiUve position in world markets. 

The issue seems to be a hardy perennial. Wfe ejoserienoe 
oantinucus cycles of perceived surplus and shortage. The 
basic cause is fairly clear: the demand for engineers fluc- 
tJjat^ with rather hi^ frequency, responding to econcriic 
conditions and other conditions that seem to change rapidly - 
while the simply side fluctuates with low f..-quenc^ it 
takes time to train an er^ineer; and the imbalances result- 

li^J^ ^ the collected papers of the preeminent Ar-xican soci- 
?M2+r« ,fStf^ contains no references to engineers or engineering 

^ exception, see LeBold/^S^ 
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ing \*en oiie tries to match a hi^-frequency demand with a 
lcv^-f^equency simply gives vfliat we see as alternate sur- 
pliises and shortages. 

To examine the inplications of such surpluses and shortages and what, 
if any, laborMOoarket adjustments may occur spontaneously or be inducea 
as a result of than, it will first be useful to examine several ques- 
tions about the engineering labor force. The questions that are exam- 
ined here concern the definijion(s) of an engineer, trends in the 
coKposition of the engineering labor force, the quality of projection 
models, and inplications for labor-market adjxastmerts. 



What Defines an Engineer? 

Debate about the proper answer to this question clearly could 
extend into the indefinite future and probably with little accom- 
plishment. Who has the aiithority to provide the definition and mate it 
stick is a sinpler, if not better, question. The answer to this ques- 
tion Ji3 mjbJi more clear and precise: the National Science Foundation. 
Over the past decade NSF has been ref iriirjg a set of definitions for S/E 
that mi^ be called the "any two cut of three algorithm. Vast sim- 
ply, the algorithm says ^hat anyone \»iho has at least two of the follow- 
i:^ three characteristics is an engineer: (1) a hic^her degree in one of 
the 13 fields recognized by NSF (inclvding an associate degree for en- 
gineers) , (2) enplqyment in an engineering occupation, ana/or (3) pro- 
fessional self- identification ••based on total education and work 
experience" as an engineer. 

In operation, the NSF algorithm, as iinplemented by Mathernatica 
Inc., is some^iAiat ocnplicated and merits scrutiny. For example, con- 
sider a person whose highest decree was in theater arts or some other 
non-S/E field. If that person had eooployment in and salf-identifica- 
ticn with an acceptable engineering or ocnputer science field, then he 
or she woiiLd be defined as being an engineer or ocnputer scientist, ui 
the othei; hand, if a person with the same non-S/E degree satisfied both 
of the other two criteria with respect to, say, physics or sociology, 
the person would be classed as "out of scope" due to the lack of a 
degree in any S/E field. Bius, th algorithm mi^ better be labeled 
"any two cut of three~t-atietim£s." It is difficult to imagine how 
these peculiarities of thii NSF definition would have major iirpacts on 
counts of engineers in the labor force, but the possibility does exist 
and deserves stuJ/.^ 

A far more pressing problem than establishing the bounaaries of 
the engineering work forue is that of establishing a meaningful tax- 
oncBoy of occupations and practitioners. To disting Ish among engineers 
by a dozen or so field categories that reflect traditional academic de- 



For a preliminary analysis of the algorithm's impact on cxxants in 
selected Hi.D. fields, see Citro (1987) . 
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parbnents is to claim tacitly that these categories r^resent equiva- 
lence classes. And this, in m/ view, is at the heart of our inc^jabil- 
ity of getting an in-d^jth grasp of the nature of jcb skill require- 
ments and practitioner ce^ilities. To argue that two jcte in elec- 
trical engineering carry essentially the same skill requirements, 
althou^ the prioaary work activity of one is retail sales while the 
other IS basic or applied research, is possibly naive. To argue that 
two individuals are equivalent because they both pass the NSF "two out 
of three" muster as electrical engineers, al'Jiou^ one is a new entrant 
with a baccalaureate degree and the other is a Ih.D. with 20 years of 
prof^ional experiencse, is patently naive. 

In an evaluation of macro projection models, Hansen (1986) alludes 
to the pLx4)lem of siirpliticic taxoncndes. As an exanple of sonething 
closer to vhat is needed, he tells us that wone national recruiting 
firm that specializes in placing engineers utilizes a 55-itan position 
code, a 37-item listing of areas of both v*at eaDDplc/ers seek and vhat 
individual job seekers can do." It may be that far" less depth of de- 
tail than this would be sufficient to permit the beginnings of meaning- 
ful analyses of performance requirements and capabilities. It may well 
be that large clusters of jobs turn out to be equivalent, even across 
scnae fields of S/E, and that clusters of workers are similarly equiva- 
lent in terms of the skills that they have accruired both in their edu- 
cation and on-the-job eicperienx. Whatever the case, I am oofr/inoed 
that here is one area where an ambitious program of research needs to 
be launched if we are to come to an tmdsrstanding of the assunptions 
^out jobs and their occupants, of matches and mismatches, and of the 
bearing of these on quality of product that underlie the work of CEIMA. 
•mis line of research could also provide inportant information for the 
uprovement of academic curricula and on-the-job training. 

Vacant positions do not iuply a labor shortage. Only when un- 
filled positions require skills that are not available frcm new en- 
trants does a shortage of labor occur that would require mxket adjust- 
ments. If the skills are available el' sjere in the work force then 
one form of adjustment may be feasible; if not, then others would be 
required. It is because we lack the necessary information about skills 
--rer ned and available— that I suggest we do not know whether real 
shortages of engineers are likely to occur. 

A special case of mismatch cculd have important inplications for 
possible market adjustments: that of people with engineering skills in 
positions that do not require them. More than one in every five U.S. 
aigineers is in a position of managing non-RiiD activities, m 1982 
this amounted to nearly a quarter-million workers, according to NSF 
(1984a, Table &-11). V/e can only speculate about whetlSr these 
positLons require skills that are peculiar to engineers and about 
vmetiier their occipants could be moved effectively into areas of 
shOTtage. if others such as M.B.A.s or econcndsts could be put into 
Dust a fraction of these positions and the current ocomants moved into 
shortage areas for which they have the requisite skills, then a 
powerful form of mar!iet adjustment would be available. But onoe 
again, to know whether such occupational mcbility is feasible requires 
information about skills that is not available. 
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Composition of the U.S. Engineering Labor Faroe 



By the middle of the 1980s, the ersplcr/ed engineering wrk force 
had passed the 2 million mark. In size, it is second mly to teach- 
ing among the professions and is folloMBd closely by scienoe, \it)OGe 
nunbers should exceed 2 million this year or next. Ihe wo5al U.S. 
engineer is a vAiite male U.S. citizen vAio is 42 years old. He has a 
baoralaureate degree in electrical/electrmics engineering and works 
full-time doing product developonent for a firm that produces electrical 
equipment. ^ Tliese modalities are changing, of course, some of them 
fairly rabidly. But it is a safe bet that the engineering work foroe 
in 2000 will closely resemble this snapshot— a shade less vftiite, no- 
ticeably less masculine, considerably older-Hxit otherwise much the 
same. 

At least seme of the conpositionad changes that are occurring have 
implications for labor-market adjustments in engineering. Among the 
most important of these changes are in the age, sex, race/ethnicity, 
and citizenship distributions of engineers. Of these, age is given by 
far the shortest shrift among watchers of S/E, such as NSF. 



An indicator of the relative lack of interest in the topic of age 
and aging in the S/E work force is to be seen in Scienoe Indicators^ 
1985 (NSb, 1985). In its 116 pages of tables, there '^ippear only 
three that provide information on age, and one of these concerns the 
age of eguipooent. The other two describe the age distributions of 
Ri.D. or M.D. groiqps and are given just one brief paragrs^ in the 
text. That psregrapti, however, is extrraely in|x>rtant: it shows that 
38 percent of doctoral engineers in acaoare in 1977 were tinder 40 years 
of age—the lowest among all reported fields of S/E (p. 104) . By 1983 
it had dropped 10 points. In contrast, the comparable percentages for 



cocputer scientists were 57 in 1977 and 48 in ''983.^ 

Uhe age of a population is determined by .ts prev2dling schedules 
of birth, death, and net migration. In a national work force, this 
translates into new entrants, attrition, and ooci^tional and net in- 
ternational migration. The growth rates shown in T^le 1 reflect aver^ 
age annual rates of 5.1 percent for eng-'jieers as against 6.9 and 16.6 
for all scientists and ccnputer scientists, re^)ectively. Between 1979 
and 1982, the annual growth rate of all B.S. and higher degrees in 
engineering from U.S. institutions was 7.1 percent (NJJB, 1985, i^jpendix 
Table 5-3) . This gives a picture of a healthy groif/vh of new entrants 
relative to the work force. This is a reasonable ccnparison so long as 



^ Where not otherwise specified, data are taken from one of the fol- 
Ic^dng sources: l«SF (1984a, 1984b, 1985a) and National Scienoe Board 
X1985) . 

The literature is not clear as to v*iether a ccenpoter specialist is 
a scientist or an engineer. NSF treats them as scientists, often link- 
ing then to nathesnaticians. Other sources treat them as engineers. 
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ThELE 1: 1976-1983 Growth Rates and 1983 Oanoentiation Ratios of Erti- 
ployed Scientists, Ocoputer Specialists, and Engineers 



Field 



All Scientists 
Ocnputer 

All Engjjieers 
Astronautical/ 
2ierona\itic2d 
Chemicad 
Civil 

ELectrical/electrcaiics 

Mechanical 

Other 



1976-1983 
Grcx^rtJi Rate 
Total Female 



Percsent 
Feanale, 
1983 



Female 

Concentration 
Ratio, 1983 



59.0 


111.0 


24.6 




193.4 


372.8 


27.9 


1.13 


41.4 


195.8 


3.3 




49.1 


300.0 


1.9 


0.50 


48.3 


192.0 


6.4 


1.94 


44.4 


1.9 


2.0 


0.62 


66.2 


487.5 


2.0 


0.61 


34.5 


134.7 


1.5 


0.44 


27.8 


272.5 


5.4 


1.65 



NOTES: Oonoentraticn ratio is peroent of field who are fanale relative 
to percentage of total jOm are fenale. CJcanoentration ratio for oaii- 
puter scientists is relative to that of total scientists. All others 
are relative to total engineere. 

SCURCE: NaUonal Science Foundation, Science and Engineecinq iter- 
1^ \,r,^ ffationaZ Overvi&f (NSP 85-302), Table B-9, W&shSigton, 
D.C.: U.S. Goverment PrliTting Office, 1985. 



SfrS^r^J^ ^ incorrect oonclusicn that the growth rate 
^^^/5^^Liu.^?f^"^ ^ 9^=^ of ^ «ork force, -to 
2^^4.S* '2!5?^?!i°^ entrants to growth in the labor force, 
we Bust take attrition into account and recalculate. 

>-^,J^^^ ^ attrition over the period, but of an amount 

ab<«tv«uc4i we cm only speculate. Standard guesses put it at 1 to 2 

S^^liSnT^ \ ?£?^^ ^ ^ death 

or reUrement, two of the iaportant results of an ^ing work force. 

^^'IlJ^^'^^^^^u^ ^ ^ 1982 median age 

of 42 years is greater than that of scientists (37 years) anJ ccnsidS- 
aWymore ttan that of ooaputer scientists (3^ yeS)! IferSs mS^ 
i^Qrtant fix© the per^)ective of attrition is the fact that 8^3 per- 
oent of eoployed engineers in 1982 were at least 60 years of age, 

! J^Jf^ °f occupations lr±o management an5 admin- 

istration are included, I would guess that attrition of engineere froa 
all causes is close to 5 peroent (see note 16) . 
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cxitparecl to 5.0 aM 1.1 percent for scientists and vxnpiter special- 
ists, respectively. 

I calculate that the 61,100 new engineering entrants in 1982 esti- 
mated by NSF represented about 3.4 percent of the engineering labor 
force enployed in S/E (NSF, 1985c, Tables B-8 and B-2). If attriticn 
occurred at 1 penaent, then only 2.4 percent of the growth caane fnan 
new entrants to S/E— and this assumes that all enb»"8d engineering 
oca^ations. The balance had to cane froo other souroee». If attrition 
increases by a cxxple of points — as it must, due to age— '/re ocme close 
to the point at viiioh new entrants represent only r^lacaoait, at best, 
with an^ growth oaniiig necessarily fcan other scuroes. It is clearly 
iaportant to vmderstand how the simply side of the projection models 
handles attrition in this aging population, but the details appear to 
be laiavailable. 

Ihere are great edvantages of an aging woric farce in the wealth of 
tsrofessional experience possessed by older warioers. Ihere is little 
/idence that age actually carries with it a reduced productive capac- 
ity in science (see Reskin, 1979, for a thorou^ review) or career in- 
temptions due to illness (Lewis, 1986) . In the sociology of science, 
there is seme conoem about increased scientific conservatism and cen- 
tralization of "gate-keying" authority (Zucikennan and Merton, 1972), 
but these are side issues for present purposes. Evidently, the only 
real reason that an aging work force requires careful study traa the 
per^jective of needed labor-market adjustments is that of the increas- 
ir^ need for replacement that it represents. But even the relation 
between age and retirement plans has been further confused by recent 
ret ir em en t legislation. For such reasons, this is a changing charac- 
teristic of the engineering work force that merits particularly dose 
examination. 

Sex 

Uie most ^jectacular change in the ccnposition of the S/E work 
force is in gender, ^)ectacular at least in terms of the relative 
growth of women in the worit force. As Table 1 shews, during the 7 
years from 1976 thrxxigh 1983, enplcyed wcmen engineers grew by a rate 
ncre than 4.V times greater than that of the engineering total (just 
over 5 tijnes that of men). Such awesome growth rates brought vwmen 
engineers up to 3.3 percent of the 1983 labor force. While their 
growth rate exceeds that of women in science, it falls far short of 
that of women in cocputing specialties (counted by NSF as part of sci- 
ence rather than of engineering) . In 1976 there were ^Umost equal num- 
bers (21,400 and 20,600) of women in enginef»ring and ocnputer science, 
respectively (NSF, 1985c, Table B-10) . By 1983 tliere -<iere 54 percent 
more of the latter than the former. 

As can be seen in Table 1, the growing nunobers of women engineers 



' The r^rted age estimates are ccnposites derived fron severeiL NSF 
data bases— incliiding the 1982 Postcensal Sarvey, viiich estimated 8.8 
percent of engineers as being at least 60 years of age (NSF, 1984a, 
Table B-18) . 
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was far frxxn uniformly distributed over the fielcs of engineering, ihe 
stnaigest rate of grcwth, not surprisimlv, was experienced in those 
fields with the smallest base at the beginning of the period: electri- 
cal/electronics and astronautical/aeronautical. By the end of the 
period, a majority (53 percsent) were in that peculiar field of engi- 
neering known as "other." mere is no evidence of strong concentra- 
tions among types of employer, but a considerable ancunt among primary 
WDric activiUes (not shown in Table 1): the perxaentage of wcmen in 
teaching was abcut twice that of men and the percentage of wanen doing 
reporting/statistical warVocn|)uting was three that of men. 

I am aware of no reason to doubt that the ranks of wanen in engi- 
neering vUl continue to grow, possibly even to the point where scmeday 
tneir nunfcers may beoone nontrivial. Insofar as this is the case the 
^cfcrtJi hassubstantial inplicatlons for the labor market. Because of 
their recent entry Into the labor force, they are extremely young, on 
average, oonpared to male engineers. In 1982 the median age of tenale 
engineers was 28 years as against the male median of 42 vears.^ 
yius, v*iile female engineers lack the experience of their male coun- 
terparts, they have the valuable asset of substantial expected lonaev- 
i1^ in their careers. ^ 

Age aside, there are iufxartant differences between career patterns 
of nales and females in science, many of which quite likely are to be 
found in engineering as well. Wanen undergo far mons significant ca- 

^ ^^"^ holders of doctorate degrees in 

tne S/E labor force, for example, 17.3 percent of wanen r^xsrt career 
^Ttem^jtions of at least a year's duration as against 5.2 percent of 
men. Ihe ccuiarable percents in engineering are 11.4 and 3.7, respec- 
tively (l«d^, 1986) . Mditioially, they work at la*er I^^TS 
receive small^ salaries than do meii, which can be attributed in part, 
at least, to their relative youth. But it is more difficult to -coounfc 
^ the^ frequent entry into ocojpaticns that ate not even on the ca- 
science. And it is still more diffioilt to account for 
the fact that wooen in acadtjnic science are substantially less produc- 
tive of r^earch publications and receive fagsr citatio^ per p^lica- 
tion than do their male academic counterparts.^ puoiica 

Gend^ differences in science may or may not signal simUar dif- 
f^ences in engineering. mere is sane evidence of greater parity 
today in caigineenng than in science, such as the near ateenoe ofdif- 
terenoef, in degree attainment in the former (NSF, 19S4b, Teble b-9) . 

1.4?® ^ ^ between men and wanen in engineering conpares 

vdtii of abait 5 and 4 years in science and co^uter s^cialtS; 
gespectively (NSF, 1984a, -Male B-18) . ^t^^^^es, 
Tcac a penetrating review of gender differences in science and the 
l^pothe^ that have been examined to account for them, see Zuckerman. 
r^' also the other p^jers in Linda S. Dix (ed.), WCMEW; Theh: 

^SnS^ n r T ^ Differentials in SbieU Engh^e^ 
(W&^iington, D.C.: JfaUoial Acadany Press, 1987), especially that 1? 
a^ Scott Dang, which provides an excellent methodological critique of 
research in gender differences. wrxtique or 
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n&a entrants to engineerii^ di^lay little gender difference in their 
entry to the profession in terms of type of eoDployer (LeBold, et 
al*, 1283). Ihe differencses iii the nunbers of publications and cita- 
tions of men and women in science continue to puzzle sociologists tut 
need be of concsem only with respect to the small fraction of the engi- 
neering labor force in \*iich research is conducted and publications are 
expectBA. 'Itaus, there gft^na to be a single cause for concern about the 
growth in the number of women engineers: viiy it fails to ke^ pace with 
that in related fields, such as ccnputer specialties. 

The ethical iiiperative of opening the professions to women and 
minorities is sufficient reason for encouraging growth in the number of 
women engineers. Quite beyond this isperative, to do viiatever can be 
done to encxxirage this growth represents sound strategy for those' con- 
cerned with engineering labor narkets. In this period of population 
decline among 18- to 24-year^lds, women represant a major, largely 
unta^jped aarJcet for the recruitment of new engineers. For these rea- 
sons it would be wise for CELMk to reccnmend that researcii be carried 
out on careers of women in engineering to determine v*iat fields, types 
of €9QDployment, and work activities optimize tlie ;^rx5ductivity, rewards, 
job satisfaction, and security of women engineers.^" 

Bace/Ethnici'ty and Citizenship 

Ohe recru-itment of racial minorities into U.S. science and engi- 
neering is succinctly described by NSF: 

In 1984, bladJcs accounted for about 2 percent of all em- 
ployed scientists and engineers, but 10 percent of total 
U.S. eaiployment arid more -"iian 6 percent of all professional 
and related worker anployitient. Asians, on the other hand, 
r^>resented almost 5 percent of the employed scientists and 
engineers but less than 2 percent of the overall U.S. labor 
force. (NSF, 1986:viJ.i) 

Among employed engineers in the same year, the picture was slic^xtly 
more extreme: 1.7 and 5.3 percent were black and Asian, respectively. 
When these nunbers are disaggregatod It/ sex, the situation is changed. 
Less than 9 percent of the males but nearly 15 percent of the females 
were nomMte. Of the female engineers, 4.1 and 8.2 percent were black 
and Asian, respectively. Among the small nunfcer of enployed doctoral 
engineers in that year (61,500), 19.2 percent were nonrfiite, incliiding 
17.1 percent Asian.^ 



For a thorou^ review of wcrk ccwpleted and data bases that deal 
with these aspects of the labor fc^x^e, see Kall^Derg (1986) . 

Diese NSF percentages on racial/ethnic ccnposition are not neces- 
sarily accurate for two reasons: some racial and ethnic categories are 
not muttually excliasive and, like most of the data reported here, they 
are based on composite estimates. All data in this section are fitxn 
the volume quoted. Courts of minorities in this paragraph were taken 
frcm NSF (1985c) . 

82 



ERIC 



92 



Number of 
Engineering 
Doctorates 
Awarded 




♦ U.S. Males 


Bi U.S. Females 


o Foreign Males 


Q Foreign Females 



140 
120 
100 f 
80 • 
60 • 
40 
20 
0 

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 

SOURCE: Naticaial Researdi Ocuncil, Dcxtorate Reoarcis File. 

Figure 1. U.S. doctxarate degrees awarded in engineering, fcy sex and 
citizenship, 1975-1986. 




Acsross all fields of engineering, foreign citizens are about as 
likely to be enoountared as are wcnen. In" 1984 they only 
3.5 percent of the aDaployed engineering work force in the Uhited States 
(down frcni 4.2 percent in 1972).-^ Naturalized citizens, on the 
other hand, are nuch more conspicuous, making about 13.7 percent of 
eaployed engineers in the sane year (tp from 5.2 percent in 1972) . FVar- 
eign citizens are distributed quite uniformly as percentages of the 
engineering fields, vdth no clear oonoentration in areas of presumed 
shortage, citizenship makes little difference in the modal enplqyment 
sector: about 80 percent of all esoployed engineers were in the bus! 
ness/lndustry sector (NSF, 1985c, Table B-13) , and about 82 percent of 
the foreign engineers were in that sector (Falk, 1987, Figure 5). In 
one critically inportant sector, foreign engineers, at 8 percent, were 
nearly 3 tines more likely to be eaployed in education than was the 
total work force of engineers, at 2.7 percent. Falk does not report 



Dsta. dealing with citizenship, where not otherwise described, are 
taken fron cSiarles E. Falk, "Foreign Engineers and Engineering Students 
in the United States," in CJcranittee on the International Exchange and 
Jfovement of Engineers, FatBign and Foreign-Bom Engineers in the 
United States: Infusing Talent, Raising Issues, Washincrton, D.C.: 
National Academy Press, 19B7. 
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countries of origin for the foreign work force, but one can infer from 
the precedir^ discussion that they are predcciinantly Asian. Among 
foreign doctorate recipients in 1985, 74 percent were from Taiwan, main- 
land China, India, or Korea (Falk, 1987, Figure 17). 

Level of education r^resents an iirportant difference between 
foreign and U.S. citizen engineers. In 1982, foreign and naturalized 
citizens made \jp 17.2 percent of the er^ineering labor force. They 
r^resented 14.5 percent of those wi\ii bachelor's d^rees, 22.3 of the 
master's, and 35.8 of the doctorate degree-holders (Falk, 1987, Fig- 
ure 4). In 1981, for the first: time in the history of any science or 
^ineering field, the majority (53.8 percent) of engineering doctorate 
degrees went to foreign citizens. In 1985, half of the assistant pro- 
f^sors of engineering in American colleges and tmiversities who were 
lanaer age 36 were foreign. These facts result in large part frcm in- 
creasing numbers of foreign students and decreasing numbers of U.S. 
citizens receiving doctorate degrees in engineering. Between 1975 and 
1986 the nuu)ers awarded to U.S. citizens decreased by 25 percent while 
during the same period the nunibers going to foreign graduate students 
increased by 52 percent (see Figure 1) . 

UKe ra^id growth of foreign citizens in the U.S. engineering labor 
force— especially within the higher levels of education— is creating 
concerns both within engineering and among policymakers. Among the 
former there are muted e3q)ressiQns of concern about this occpositionaLL 
change because of its possible effects on the job market for U.S. citi- 
zens, average salaries, and even on the quadity of the work force. 
Among policymakers, concems are expressed about American tas^yers 
si^^porting the education of foreign students, specially thote from 
countries with which we have poor trade bedances.*'"^ 

A pecul.iar aspect of this topic energes when it is considered in 
relation to the gender composition of the labor force. Consider 
what I will call "the scutwork hypothesis." It derives fraai the tradi- 
tional Americrr* &clution of securing workers for xmdesirable dead-end 
jobs — such as stoop labor and nursing sick people, the solution is to 
give the jobs to wcroen or — if that does not vrork— to sdiens. At about 
the beginning of the 1970s, American msiles evidently began to define 
the labors of doctoral engii^eers, or perhaps just of graduate students, 
as scutwoiic aiii began to abandon this career la^.^^ in droves. The 
hypothesis suggests that efforts should then have been made to recruit 
women in graduate work, and evidently this was tried, but with insuffi- 



Such views were expressed at the Workshop on the International Ex- 
change and Mcfvenient of Engineers, National Academy of Sciences, Wash- 
ington, D.C., July 7, 1987. Whatever the basis for these views, dis- 
cussion at the workkicp made it abundantly clear that the American 
econocty has become dependent in inportant ways on the foreign engineer- 
ing work force. 

In fact, gender and citizenship are seldom considered simultane- 
ously. At the CIEME workshop itentioned above, not a single reference 
to gender was made throu^ou ; the day. 
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cient success to fill the gap. The hypothesis predicts that this fail- 
iire would create opportunities for foreign students to move onto and up 
this ladder vdiich, as ve i^ave seen, was the case. More quanticatively, 
the hypothesis predicts that the larger the fraction of wcsnen in a 
field of S/E, the smaller should be the foreign fraction—that is, that 
the correlation between the two percentages should be large and nega- 
tive. I have tested the hypotheses on 1984 doctorate recipients frcan 
U.S. universities (using data fixm the National Research Council's 
Doctorate Records File) . Ihe results are shewn in Figure 2. The ire- 
ported co3f f icients were wei^ted by total doctorate degrees awarded in 
each field that year. Ihe data appear to sc^jport the hypothesis. 



Implications for Labar^Market Mjustiaents 

If I am shown the results of the several labor-force projection 
itodels in S/E and am asked vAiether there ar: likely to be shortages in 
any of tje fields of engineering, then I can only shrug itry shoulders 
and say, "I don't knew." Hansen's two thoroui^ critiques of these 
mcxSels (1984, 1986) have ccnvinoed vse that the models, although moving 
in just the ri^t direction, have not yet provided definitive results. 
If I am asked the same question followii^ this review of the demo- 
graphics of engineers, I would answer, "You bet that I do." Hcwever, 
ity answer would be less concerned with the fields than with certain 
demographic sectors. m particular, I suggest that CEIMA should be 
concerned about the field in toto—and still more oonoemed about 
female and doctoral engineers and about scaae critical missing infor- 
mation. 

Here is hew I reach the first of these oancli:isiQn: NSF's Na- 
tional Overviei^ (1985c) provides counts of new entrants with at least 
a baccalaureate degree in 1982 to the fields of S/E (Table B^8) and of 
the size of the labor force in these fields in 1983 (Table Br2). ^ By 
oonputir^ ratios of new entrants to the labor force on a f ield-i^ecific 
basis, we obtain crude measures of the "r^lacement rate"**"^ that 
focuses our attention on numbers of new entrants required for r^laoe- 
ment of losses to a field frcw attrition and the residual numbers that 
are available for grcwth. As oonputed, the measure ignores new en- 
trants with less than a B.S. degr^ as well as the effects of net occu- 
pational migration.^ To assess these rates with any wisdom also 



^ At least one alternative hypothesis oculd account for the data: 
the "harder" a field in its mathematical requiid:nents, the more foreign 
citizens and the fewer females it attracts. 

"Replacement rates" refers to new entrants into the work force who 
(1) have a baccalaureate or hi^ier degree and (2) are enployed in S/E 
occupations. This represents 56.1 of errplqyed new entrants in science, 
but 88.6 percent of enployed engineers. Ihe labor counts used in the 
dencndnators of the replacement rates inclxxJe all those enployed in S/E 
ooccpations without regard to education (NSF, 1985c, Tables Br-1 and 
B-8). 
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requires the missing Infonnationad link: acxairate cxjunts of field-spe- 
cii.ic attrition. I think that this replacement measure, even with 
these warts, provides useful information. 

m 1983, the r^laoement rate for all scientists was 8.5 per- 
cent. Even If attrition operated at 3 percent that year and demand 
grew ^ 5 percait, the market for scientists would be a bit soft, in 
the physical sciences and in ocnputer specialties, it was about 5 per- 
cet±, a good bit titter. In engineering it was just under 3.4 per- 
cart. Only two fields were substantially below this gross rate: 
astronautical/aeranautical (1.2) and "other" (2.6). I think these 
rates are cause for scce concem and certainly for ftirthe>- stu*r, but 

^ ^ ^^^y ^ of because we do not know 

how the force of attrition operated that year. And even if we did, the 
litformation would give us a poor base, at best, for projectim the 
futojre. In light of recent changes in legislation about mandatory 
retironent and the possibility of chai^ii^ plans for retirement, 
accurate projections beccroe yet nore difficult. 

Vfcraen engineers always have been and continue to be grossly under- 
represented in the labor force— in at least 3 of the 12 meanings of 
gross" in ny dictionary. iheir growth rates are healthy, but not 
n^ly large enough to make them a major oomponent of the emineerlng 
labor fOToe lii this century. My serise is that there is relatively 
little potential for growth in the numbers of male U.S. citizens in 
©T^neering. To the extent that this is correct, then we must rely 
much more heavily on females and foreign citizens for the supply of new 
engmsers to meet increa^ in demand. "tv y new 

JJfy concern about doctoral engineers is that they—at least those 
in e*icatiQn— are the toy element in labor-market adjustments and their 
oi?5f^*^,n"^n^^vl.^^ 1983 they numbered about 61,800-of whom 
^ one-third, were in the educational sector 

^l®.B-5). This contrasts vividly with the 64.8 percent 
2tf°S?^^f^^ ^ academically employed. The replacement 
rate of doctoral engineers in 1983 was 6.8 percent, better than that 
S^SS^^ overall but hardly r^resentii^ an overs^pply. An m- 
port^t problem here is that the fraction of these doctorate holders 
Who are enplqyed in academe has been shrinking for at least the past 
oecade: down frm 36 percent in 1973 to 32.8 percent in 1983. sin^i 
^convinced that the quality of trainii^ bSTat l22 a SSiJ 
negative relationship to student/faculty ratios, I am also convinced 
that are oanii^ to a point vAiere our collies and universities will 
produce fewer or poorer ei^ineering graduates.-'^ 

Between 1972 and 1978, there was a net loss of about 20 percent of 
f?^^.^''^ oco^ational migration with an average annual loss of 
f:Jrr.^^^ .}^^^' '^^^ ^3^)- "^es to administration ac- 

costed for the bulk of the loss, adt fron the S/E labor force oc- 
curred at an average annual rate of about 1 percent. 

For a lively discussion of the "crisis" in engineering education 
seeNational Research (i984, pp. 113-122) t^^^^'^fS; 

S^frLt^S^^'S^?^ ^® °f academics 

in engineering, see Barber and Morgan (1^87) . 
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one filial point needr. to be raised in this sociological analysis 
of the emineeriiw labor market. It has to do with geogr^y and the 
friction of distance. In practical tenoe it ocmes down to this: is 
the labor market for ei^ineers national, or is it rather rpqianal? Ihe 
supply/demaM models assume predominantly that it is netcional, that a 
n^entrant fron Seattle is as likely to fill a vacancy in los Ang^ 
as is one fron Maine. Sociologists and geographers, on the oth^hand, 
have made clear the fact that, among movers, short moves are nucii mcae 
likely than long ones. Ohis friction of distance is also known to be 
reduced by level of education (ladlnslqr, 1967). ait even ano^the 
most hidhly educated scientists, there is evidsnoe that moves taxi to 
be more r^ional than national (Hargens, 1969) . -Bus su^^ to me 
that the projection mcxSels and our oonoems about laboMnarket adjust- 
ments need to be disaggregated in still another way: by geogr^c 
region. 



Performanoe Evaluaticn 

This final section will be brief for the siaple reason that I have 
little to say about the topic except from the perspective of the soci- 
ology of science. To say anything at all about performance evaluation, 
it is necessary first to consider several aspects of the process. In 
particular, we need to know whose performanoe is being evaluated: is it 
that of an individual, a production unit, an industry, or the national 
eoanomy? To consider the units of evaluation requires us also to con- 
sider the criteria and purposes of the process. Since criteria, and 
possibly even the purposes, of performanoe evaluation nust vary sharply 
across sectors and types of work activity, I will consider them only 
within certain of these categories. 



units of Performance Evaluation 

Ihe evaluation of on-the-job performances of individual workers is 
so ubiquitous and frequent an activity throughout the U.S. &xtxm that 
libraries now bulge with "how to do it" books on the subject. Bie 
purposes of such activities are fairly clear: to provide a basis for 
distributing rewards (and punisOiroents) for performance and for evalu- 
ating incentive plans and needs for retrainii^ in order to inprove per- 
formance. Ihese purposes certainly touch on those of CEIMA as dis- 
cussed in the introduction to this paper, tut their levels of concern 
mav be too microscopic for our purposes. Certainly the assuitptions 
laid out in the introduction stress individual characteristics: qual- 
ifications of workers, their match to positions occupied, and the qual- 
ity of their individual performances. It is inportant that the nation 
be able to assess f-^e level of mismatching between workers and posi- 



1^ Far what appears to be a typical exanple of this literature, see 
Globerson (1985) . Tor a focused look at aging and obsolescence in this 
context, see the volume edicad ly S. S. IXibin, et al., 1974. 
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tians in its high-technology cxxa?atians, but it cannot today because 
of inacSequats taxoaxndes and insufficient research. But other units 
need similar attention, particularly that of the productive organi- 
zation. 

To the extent that the issue before us is the inpact of the avedl- 
able supply of engineers on productivity, then the focus of our atten- 
tion cught also to be on mixes of engineers in organizations in terms 
of fields and levels of training, years of eiqjerienoe, and how such 
mixes affect productivity. Research at this level could also tell us a 
good deal about other characteristics that probably are closely related 
to productivity, such as fcnx,ibilities within given mixes of engineers 
and the ability to retadn workers. 

Academic Performance in Engineering 

In the sociology of science, performance evaluation is a central 
problem, and performance is well understood to mean the advancement of 
knowledge through the publication of research results. A correlative 
problem is to assess the "iapacts"— sane call it the "quality*' of the 
product— as measured by citations in the scientific literature to pub- 
lished articles. In this perspective the predominant \anit of analyses 
IS aggregates of individuals with common characteristics, such as win- 
ning a Nobel prize or being on the faculty of a leading research uni- 
versity. 

Ihis perspectxve is of relatively little value in performance 
evaluation of engineers, hcwever, since only about 5 percent of them 
report basic or ^lied research as a primary work activity. Nonethe- 
less, analyses of publications and citations remain the chief mecha- 
nisms for assessing the collective research performance of academic 
engineering in the larger research institutions. 

As a tool for evaluating individual performances, publication and 
citation counting is extremely dangerous and usually ill-advised. Pub- 
lication and citation frequencies vary drastically across fields and 
^ecialty areas of S/E, as do journal rejectiton rates. Ihus, uses of 
these indicators of research productivity should be ^lied to rela- 
tively hcmogenecus entities, such as in historical studies of the 
deyelopnent of a single field of ei^ineering, or in analyses of larger 
units, such as colleges of engineering in whicJi ^disparities of pub- 
lishing and citation rates would likely cancel out. 

In any eval\jation of academic engineering, the educational func- 
tion deserves at least as close attention as does that of research. 
There are several lines of needed research on this topic. Those to 



We do not know a great deal about the publication and citation 
patterns of engineers, but what is kncwn suggests that there are sane 
striking differences ftan those in science. For exaitple, there is a 
greater propensity among engineers than scientists to refer to books 
(^pecially handbooks) rather than to journal articles. The three 
articles most highly cited in engineering journals in 1973 all oon- 
oemed oonixAing algorithms (Garfield, 1977) . 
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vjhich I would assign the highest priority cxnoem career cxitcxanes of 
graduates. One line of investigation should focals on questions sutii as 
whether there are systematic differences in the career.s of gradua t es of 
different types of institution—differenoes in sector of enployinent, 
perfonnanoe evaluation, prcnotion rate, and other job characteristics. 
A second line that I reocmnend is closely related to the first. It 
ccnoems what is oondng to be called the "productivity of academic Je- 
partjnents that grant baccalaureate degrees." Ihe indicator of P«3*^ 
tivity of an acadeaadc unit (usually a coUege) is the fraction of that 
unit's bachelor's degree recipients in seme period of time v*d go cn to 
receive doctorate degrees in seme later period. Ihe National Research 
CJouncil provided such data at the college level for 1984 doctorate 
recipients (Syverscn and Opyle, 1986, Table L) . Ihe California Insti- 
tute of Itechnology was the most productive institution in the naticn 
that year. Biis iidicator could be applied usefully at the levels of 
engineering schools and of individual departmente. Biis cculd be 
inplementod sinply with the Research Council's Doctorate Becords File 
and could provide the basis for research into the detenninante of 
levels of productivity. 



CCNCmSICNS AND HEOOmENDATICNS 

My main conclusion is this: the demogra^c ccnposition and trends 
of the engineering labor foroe are peculiar and, in sane Tespects, 
problematic when ccnpared with those of the sister profession of 
science. I believe that scrae of these characteristics have inplica- 
tions for labor-market adjustments, and possibly for the quality of 
performance, vAiile others represent forces of adjustment that are al- 
ready in play. My medn nonoonclusicn concerns the risks of iirportant 
shortages and consequent requirements for market adjustments resulting 
frm spurte in demand. The projection models fail to convince me one 
way or another. Even here there is an important exception. 

If we assume that demand reatains sufficient to require over the 
next couple of decades an engineering labor foroe at least as large as 
it is today, then seme market adjustments will be called for. New 
entraitts into the labor force are nearing the point of failing to match 
losses from attrition. Ihe intoalanoe resulte less from a decline in 
new entrante (which is not the case) than frcm the re^iid aging of the 
labor force. I am also convinced that acute shortages exist today in 
certain demograFhic sectors of the engineering work force. Fran the 
perspective of equity, there is a drastic shortage of vrcroen and most 
minorities (Asians are a conspicuous exc^ion) . Ihere is also a seri- 
ous shortage of engineers with doctorate degrees in the academic 
sector. Finally, I am convinced that we lack information that is es- 
sential to evaluating alternative market adjustments and their iapli- 
cations for productivity and qtality. 



Even this conservative assuitption merits careful examination. 
Ihere is anecdc , evidence that seme lerge industried eirployers plan 
to reduce the number of engineers whan they esDiplcy. 
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In 11^ of these cxndiislons, I iiaouiiueii d that a thorough assess- 
ment of \(*at WB knew about engineers be undertakan and, v*>ere neectecl, 
that a program of research be inplenented that incxLixSes the followiixf 
OGn|xnents: 

• Skills: On the detnand side we need to knew both about 
the specifio natheaatical, ocnputing, materials, design, 
and related skills required by ooopaticns with distinct 
job titles and about equivalence classes of jobs. On 
the supply side, we need to knov ^ch skills derive 
froa given levels of education in each field of S/E and 
vAiat additional skills derive from a given nunfcer of 
years of es^jerlcncse in each class of jobs* Ihis inform 
nation is essential to iiseful anzLLyses of labor-market 
shortages, feasible adjiisbnents, and isplications for 
perfomancse. 

• Aging: Because this is such an inpcxt±ant characteristic 



of the engineering work foroe, we need to knew its im- 
plications for both performancje and attrition. There is 
a f edr amount of oonventionad wisdom about the nuniDer of 
years on the job prior to •Txim cut" in some fields such 
as ccn(3ut6r specialties. Does performanoe cs^ility 
vary with age? Ihe same con v en t ional wisdom has been 
^lied to seme fields of science such as physics and 
mathematics, but sociologists of science have been able 
to find no strong si^porting evidence. How changes in 
retirement legislation affect retirement plans is an 
isportant piece of information for labor-foroe projec- 
tions. I believe that we do net have this information 



• Recruitment: Par both equi^ and sound labor-foroe 
policy, we must better understand the mechanisoBB by 
vhich women and minorities are reoruited into engineer- 
ing education and, subsequently, the work force. These 
mechanisms need to be harnessed in onJer to laring about 
better proportional representation, regardless of the 
needed size of the total woric force. If credible sig- 
nals of long-term shortage emerge, then woroen--together 
with foreign citizens— are probably the best scurcses of 
r25>id growth through the academic pipeline. A special 
case of the need to understand recniitment patterns into 
engineering is that of recruitment into candidacy for 
the doctorate degree. I have argued that these patterns 
are particularly probleaaaatic and in need of careful 
stuc^. 

• Retention: In addition to losses fixm attrition, the 
S/E labor foroe undergoes losses as a result of f ailu3re 



A study of aging in science is under way in the National ResearxA 
Oouncil. 
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to retain qualified v^Dricers in apgfrapriatB positions. 
Engineers are efficiently eaooployed relative to most dis- 
ciplines of science, but there is still a substantial 
sli^ppeige. About 15 percent of esoployed enginecsrs in 
1982 were not esplcyed in S/E positions (NSF, 1984b, 
Tables B-1 and B-12) • In that sane year nearly 20 per- 
cent of new entrants, excliisive of full-tiine graduate 
students, WEore out of S/E (NSF, 1985c, Table B^8} • Ihis 
nay or nay not represent a su^^stantial reserve force in 
case of sudden national need. It is is|x>rtant to knew 
the ocndltioris that would be sufficient to draw them 
back into engineering enplo^ynent, should the need arise. 
# Quality: I have discussed quality indicators in aca- 
demic engineering, at the level botli of individual fac- 
ulty nenobers and of d^artnents or colleges. Other 
ocxmittee nembers will presumably suggest ap pro pri ate 
indicators at various analytic levels li other sectors 
on \yhich the ocenittee can reach consensus. Ihis dene, 
it should be possible to cbtzdn measures of them and, of 
critical inportance, to determine vftiat factors account 
for variance in them. I have suggested that skill 
matches and mianatches may prove to be an isixsrtant fac- 
tor so Hiat the first line of research suggested above 
mi^tt be carried out in conjunction with investigations 
of performance qudlity. 7! believe that it is important 
to consider not merely quality of product, but guedity 
of the work environment as well. Job satisfaction 
should clearly prove to be a determinant of the ability 
to retedn engineers in appropriate positions. This may 
be an especially iiwportant consideration in the case of 
women and minoorities vdho, because of their paucity in 
the field, may have ties both to the profession and to 
their jobs that are fragile and tenuous. 
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OffiNGES IN E»3IMEERING QUALITY AND PERPOKMANCE: 
POTENTIAL INDICAKW5 OF AEOUSIMEOT 

Alem L. Porter 
Georgia Institute of Technology 



iNiimjcncN 

r.f rv2^2i? ^^flS^^*^ engineers ocxad affect the qtiality 

2 ^S^^ billing engineering poeitians in academe, inaustrik re- 
search and developnent (MD), and other industrial jciDs. Ihis paper 
ca^iders ho/ such effects could be measured, it draws crTre^S 
torn sever^related traditions: industrial psychology, or^^SS 

organized in three sections: 

• Consideration of "inputs"— that is, quality of engineers; 

• Oonsaderation of "out^uts-'-that is, engineering perfontancje; 

31X1 

• Discussion and rBocmnendations. 

^ paper does not ocnpreher. ively cover the various literatures; ra- 
i?2V« <^^*.J^.'^ critical issues and offer practical possitili- 
ties to study the iapacts of engineering demand chaises. i^^^ 



<XJKLnr£ OF ENGINEEE?S 



Quality laplies capability. Many factors contribute to Anrri 
neering c^ility-inteLUgeSe, iSati^Tlj^S^e^SSi 
one ad^wDrry about the intellectual capability^FASan^SSS; 
drawn frm a population with IQ scores^^ 10 poiirtTl^ ^ta?^ 
Japanese population, a phencoenon seemingly attrS^le iT^ar^pS? 
S ^tiama effort (SS^id Morgan, SsiJ, 

of motivation, perh^ our affluent culture has eroded the "work eSc" 
so ^ to handle^ American englneerii^. One could SgimleSsi^ 
S^L^ f^l^HJ^ engineerii^ job requir«n^ in^eSS 

liJ.^ ^'L^ ^ scope of present ef^s 

^STi^'' "i^^^J^ oartiSTtion-SnS^fSSSi 

7iSS^Jl'^''l ^^'^z is prlmarUy relevant only to certain 

victual re^onsibility for a design. So, it seems sensible to oonoen- 
trate on education and experience as indi^tors of qiSSy! 
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NOTE: Die horizontal dimensicai aims to suggest movement over time. 
Figure 1. Multiple education-ooccpation paths. 
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*.u- ^ ^ °^ ^ of engineers." Inherent in 

tlus Mocael, as in most thinking about quality, id ^ile notion that 
formal eAacational anecSentials are critical. As presented, the itodel 
begins with education (degrees received) , then trades the diffusion of 
the degree recipients across ooo^ational grctpiiy^ of interest. 
(There is no reason that individuals could not con'cini'^ their education 
while progressing through their occupational careers.) Tracking 
individuals, as they gain ejqjerience and change jobs, is implied by the 
time dimension shown for oca^ation. In finer grain, capabilities 
change as indi"iduals learn new tasks and acquire specific skills using 
new technologies. ~vxj.j.o uajaiy 

The aodel suggests several questions regarding er^ineering qual- 
ify. One oonoems the diffusion of ei^ineering graduates out of engi- 
neering :obs. In the early 1970s, for instance, the aerospace contruc- 
tion led to highly technicaiy trainoJ stocWarokers and used-car 
fr"®^^^'^®* focuses on the ccnplerkintary issue, instead— 

the diffiision of those not formally credentialed in engineering into 
aigine^ing jobs during periods of high demand for engineers. ^ sug- 
gested by the model, such inflow can take various fonte: 

* Formal retraining, wherein those with technical backgrxjunds 

^^<Sir)Bering degrees (e.g., Georgia T&A had math 
doctorates taking M.S. degrees in engineering a few years 

* those with technical backgrounds are 
retreaded" for engineering work through shorter certificate 

^ograns (e.g., a Uhiversity of Dayton progr am in the 1970s) . 

* ^>5»rience to convert those with science or math 
toc^reimds .-tjTto working engineers, without formal training. 
2?Ir''r^ experience to convert those with "suborxiinate" 
technology or technologist degrees, or those without formal 
technical training, to practicing engineers. 

Presumably, quality oonoems are not paramount with the first two 
categories, although distributional CQnceaTmay arise (e.gT ifdemSS 
for aigii^ were to ind-x* a shortag^j of scientists in ic^ dcmSs? 
OTif industrial pull were to induce academic shortages). One might 
however, investigate wJjether differences between sciaitists and ^i- 
^SfliJL^^^xn'^^ woL-king styi.es, career orientation, and skills (see, 
H^fSSS; ^^'^V °" engineering qikity when scien- 

tists switch to engineering. Many variations of thJ latter two, expe- 

^ possible and constitute the dotain of ^SiS 
oonoems on \i*iich I focus. n^-^^y 

National statistics are essential to ascertain the magnitude of 
the ^Jality issue, or even if an issue now exists. I suggest ccnipila- 

Dq^rtment of Energy flow models that show the mbc of U.S. 

S^cS^f^ ^ if'- ^'^^^^Y' both education (de- 

S^^^L^^ occupational data relevant to engineerim are 
avaxlatole^ but liriyp these might ^ Linkages might te 5- 

proximated from small sample and partial results. Ihat is, ^idenoe Si 



97 



107 



the nuntoers in certain engineering disciplines \iho have shifted fields 
might allcw one to estiitate the nuntoers of nonclegreed engineers v4io 
most be making up the differencse to fill the engineering jobs. Another 
possible oonoem is the substitution of foreign nationals, especially 
those trained in less developed national systans, in American engineer- 
ing jobs. Ihe infliK of foreign nationals as graduate students in 
engineerii^g in the Uhited States is an jssue receiving rajdi attention. 

Itechnician (under 4-year) and trxiinologist (4-year) degrees de- 
serve gp^ial attention. Statistics on these are notoriously unsatis- 
factory* The National Science Foundation (NSF, 1982) reports about 1 
million total sciencje- and engineering-related technicians in 1930, yet 
annual graduation at 200,000. Wnat happens to them? Tecftnologists are 
ixt r^rted separately, inplyirjg that the quality distinctions between 
them and engineers present in their educational credentials may be ig- 
nored by enployerr. 

National statistics also permit cross-national ooiparisans. The 
relative and absolute nuntoers of engineers trained in the Soviet Uhion 
a«i J2^pan outdistaixse those of the Uhited States (National Scieix:^ 
Board, 1985:192). (Htparison in terms of the distribution of degrees by 
engineering disciplines and the nature of subordinate training of tech- 
nologists, for exanple, mi^t provide more insists. Further anali'ses 
of occcpational statistics would be of interest to conpare key indus- 
trialized nations in terms of: 

• Distribution (i.e., industrial vsrsus academic eitployment of 
engineers; R&D versus non-R&D esnplpyment; defense-related 
versus civilian enployment; sectoral differences in engi- 
neering eroployment) ; 

• Ooncsentration (i.e., engineers per total ertplqyees; engineers 
per vadue-added in various sectors) ; and 

• TtegonporsJ. characteristics (i.e., how stable patterns are over 
time; hew quickly various systans respond to changing de- 
mands) . 

Ideally, such statistics would be augmented with country expertise to 
illuminate the causes and consequences of any observed differences. 
For instance, a Chinese R&D manager conveyed his quality concerns 
occasioned by a system in viiicii "everyone eats from one big pot"— that 
is, anyone, no matter v*iat hijs or her training, is eligible for an 
er^ineering job opening, leading soroetimes to political criteria sub- 
stituting for technical criteria in filling positions. 

Comparative statistics, within the Uhited States and cross- 
nationally, would be of interest regarding rates of crossover between 
^)ecializations. Our small sanple studies have found that even Eh.D.s 
change fields of specialization quite rapidly (Porter, et al., 
1981; 1982) . It would be informative to knew to \*at extent engineers 
evolve areas of substantive expertise and new technical skills as a 
function of time post-degree (Porter and Rossini, 1984) . litpressionis- 
tic reports suggest increasing nuntoers may vrorK on raultidisciplinary 
teamsc Biat may dimijiish the inportanoe of specific degrees as an 
indicator of quality, in favor of flexibility, cxamtwnication skills, 
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^£ 1: Technologists, Technicians, emd Managers, by Educational 
Gaxx53s (in percent) 



Graduates 72 

Professionals 67 

HNCs 41 
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♦undifferentiated. 

Graduates include those with uirLversity degr^ in ei^ineeriiw, 
mtihanatics, or science; professionals, other than d^ree holders, 2^4 
matters of engineering professional Insnitutions; HNCS are those 

National certificate in englneei-ix^; ONCS typically 
SiSicSte Part-tiBe study to obtain an Ordinary IfetionJ 

^* °* ^' °- S''^' M. E. Ager, and D, J. Jones, 

^5:^ ^fenpoh^ and Economic Perfarmanae: An Interplant Study iA 
uhe Electrical Engineering Industry, London: Ihe Pfei^uin Press, 1971. 

teoad interests, and so fortJr. ihis appears especially true in engi- 
turiiig, maintaiance, and marketii^ (see, for exai^e. Anonymous, 1984) 7 

i- ff^i® ^ cross-sectional study of 68 British faeries 

S^T^. f'^^^^P electri^engineering^SS?^ 
l^' 1^ "produces key sets of findings, demore^ting a sig- 

nificant intermiy,lng of the educational groups iii brth^SSl pSi- 
ti-s and iwnageiDent responsibilities. "Graduates" imiude those^th 
unlversi^r degrees (in ei^ineerji^, math, or science) ; 'tofSS^s" 
are njembers of electrical, mechanical, or oth^^in^^^^SS- 

ntS^ ^^S^^"^' ^ ^ holders (S^^S^i^Sl 

diplcmas based on full-time study, too) ; "qncs" ^caily f^l^ 

^^°r^r^^,^ for 2 to 3 years to ctotaiK an Ordinary Na- 
tional Certificate (QNC) ; "HNCs" go an additional 2 years ^Tm^L 
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National Certificate (HNC)iii electrical, mechanical or other engineer- 

^* The findings from Layard et al. surest the possibility of 
quality oonoenis pertainii^ to training vis-a-vis engineering job re- 
spcosibilities, but they refrain fron reoonraending educational require- 
Tients. They consider a production function model, seeking vAat might 
be a desirable ratio of er^ineers to total esaplqyees (a ratio vddely 
variable in their sanple) as one contributor to a productive manufac- 
turii^ operation. Uiey conclude that the productivity of engineers de- 
peixis on all other variables in the production function as well (e.g., 
capital-intensity, products involved— scrae being more sensitive to 
skilled er^ineering than others) . Ihe method of manufacture (Wbodwatd, 
1965) and scale of the enterprises are also found to be pertinent. 
Their eccnondc analysis finds, for their sample, no evidence of a 
shortage of er^ineers in -iTdustry (based on rate of return for an indi- 
vidual obtainii^ first and advanced degrtes) . Ihey also note that the 
causes of observed salary differentials by educational grc*^) are con- 
founded—ability with education (they pxcsoB certain analyses varying 
the proportion attributed to education frooa 50 to 100 percent) . 

This discussion of quality has focused on educational credentials 
and experience. Ihe trade-off between these is conplex— sane jobs de- 
pend more heavily on eaqjerience; others, on advanced training. I have 
eniJhasized general engineering quality concerns over those specific to 
academics and engineers in R&D. The latter tend to involve persons 
with advanced degrees, vAiich to some extent attest to quality. One 
could certainly ccnpare nations or sectors in terms of quality measures 
such as percent with doctorates. Shortages oculd be estimated by 
tracikii^ salaries over time, rise in percentage of non-U. S. nationals 
hired, and so on. On balance, however, it seems to me that the key 
quality issue is whether there is a demonstrable link between educa- 
tionad attainment and ooapationed performance. I believe resolution 
of this linkage issue requires small sample studies to cctplement the 
difficult-to-relate national statistics on er^ineering education and 
engineering enplcyment. 



INGINEERING EERP3FMANCE 

Individual, vrork performance is determined by multiple factors — 
individual characteristics as well as situational characteristics 
(LancbjT and Farr, 1983). For exanple, studies have anply demonstrated 
that performance depends on work context (see, for exanple, Br2ss, 
1981) . Task, oorplexity affects engineering performance, tut it inter- 
acts with time in position and dep&ndB on viiether the job is R&D 
(Kbzlowski and Hults, 1986) . 

Figure 2 extends the notion to specify a number of factors perti- 
nent to modern-day engineering performance. The underlying reality is 
certainly more occplex than shown (e.g., training must be effectively 
linked with technology), but the point of the figure is to caution 
against a singular "quality leads to effective performance" image. In- 
deed, it is interesting to reflect on hew easily one can narcw dcwn to 



ERIC 



100 

110 



Personal Ability 



Training 



Technology 




Support 




Information — ^-r:^^^^^^ 


Organization 





Engineering 
Performance 



Management 



Environment 



Figure 2. Multiple influences on engineering performan 



ce. 



alternative singular causation models. National policymakirg, at 
times, seems to blame unfair ccnpetitors (the enviromnent) for per- 
ceived poor U.S. perfonnancje. Then again, we turn on management as the 
souroe of cur failings. Or Japanese-style organization, favoring inte- 
gration over specialization, is offered as a popular cure-all. Our 
Chinese colleague who manages R&D frets over the lack of suitable sijp- 
port for scientists and engineers in China ccopared to that available 
in the Uhited States (Jin, et al., 1987). Our present oonoem is 
to understand the roxes of the first two factors— personnel ability and 
tralmng— as contributors to engineerii^ perfonnanoe. It would be nice 
to add the phrase, "all else equal," to this, but that would be foolish 
in the present transiticai into the information age with rapidly 
changing engineering technology and organizational repercussions 
thereof. Indeed, recent Industrial Research Institute fiidims indi- 
cate that scientists and engineers in industrial R&D have just crossed 
a notable threshold: over half now routinely use conputers (Rossini. 
aZ., 1987) . *~ \ , 

"Perfonnanoe measurement" calls forth a host of ge^^-ic issues. 
Smith (1976:749) presents a helpful three-dimensional framework for 
classifying perfonnanoe measures: 

• Specificity (fron one aspect of job performance to an overall 
index) ; 

• Temporal span (immediate to ioi^ term) ; and 

• Link to organizational goals (frcm personal assessment to 
organizational effectiveness) . 

Most performance measurenent aims to assess the individual (e.g., 
for annual raises or prcnotion) ; hence, many of the measurement issues 
are not of great mcment to cur policy-oriented appraisal of "national 
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engineering*' perforaBnc5e. Nonetheless, it is appropriate to note 
briefly a nuniDer of oanoems: 

• ValiCation of perfonnancse ocnstructs (e.g., use of raoltitrait/ 
imiltiraethod approadies as per Gaiqpbell and Fiske, 1959) ; 

• Psychoroetric criteria, such as accuracy and reliability (see, 
for exanple, Landy and Earr, 1983) ; 

• Practicality (data availability at reasonable cost and on a 
timely basis) ; and 

m Utility (credibility of measures, understandability) . 

Any measures proposed ou^t to meet reasonable standards on each of 
these coun ts . 

Certain concsems (e.g., variability, reliability) that are extreme 
in the case of individual performance measures may be less severe on an 
aggregate basis^ as pertains to the focus of this study. An issue of 
sane inportanoe for this study is vihether to use measures of central 
tendency (e.g., mean or median performance) versus laeasures of disper- 
sion (e.g., standard deviation or intercjuartile range). Would lowered 
quality of certain persons in engineering jobs be greatest, and/or of 
most concern, in terms of acverage performancse or di^)ersion of perform- 
ancse of seme target group? Gilbert »s (1978) ••potential for iitprovii^ 
performance" (PIP) ccrapetenoe measure is determined by the ratio of ex- 
enplary to typical performanoe. Were one to find a groip of engineers 
showing hi^ PIPs (hi^ variance), presumably ttiis would reflect a 
quality problem. I would suggest both measures of central tendency and 
dispersion be gathered, as feasible. 

Given this lengthy preamble, vtoat should one use to measure "engi- 
neering performance"? Performance measures for research-oriented sci- 
entists and engineers inclvde papers published, patents, citations, and 
peer judgment awards. Uhfortunately, publication is far more pertinent 
to scientists than engineers (Allen, 1977), and measures such as pa- 
tents fit R&O engineering better in seme industrial sectors and some 
engineering disciplines than In others. Rjrther interfering with most 
of these measures are industry's proprietary concerns that may discour- 
age publication, and even patenting, in certain areas. Difficulties in 
differentiating individual ocntribwtions to team performance accentuate 
problems in ccirparing the performance of different quality research 
engineers. Making performance measurement even more tra^blesome, even 
Hi.D.s in electrical engineering, 10 years after cowpletion of their 
doctorates, average only 25 percent of their time in research activi-* 
ties (Porter, et al., 1982) — so research-only measures are not 
adequate gauges of performance, even for academic or industrial R&D 
engineers. [Furthermore, considerable evidence shews that "R" 
activities differ substantially fton "D" (Leifer and Triscari, 1987) .] 

What performance measures could be used to get beyond research 
activities? Ihe traditional performance measurement tool of si?)ervisor 
ratings appears of little use to vs. One mi^t ccnpare such ratings 
within organizational units between properly degreed and other person- 
nel, but this would be difficult and costly, it seems. Wfere one to 
pursue such a route, an interesting alternative to simple ratings is to 
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Tk3LE 2: Baseline Ocopoeite Work Profile Matrix (in percent) 



Enployee Class 



HicgTer-Value Work 
!^ & Spec Pout 
Sapv Prof Prof 



Lcwer- & No-Value Work 
Admin & Non- 
Si?3port derl prod 



Managers 

Senior professicaials 
Junior professionals 
Administrators and 



30 
2 
1 



16 
35 
10 



13 
26 
50 



16 
13 
13 



7 
12 
14 



18 
12 
12 



technicians 
Secretaries 



0 
0 



0 
0 



1 
0 



58 
10 



27 
76 



14 
14 



UCflE: N = 587, four departments. 

SCURCE: P. G. Sasscne and A. P. Schwartz, Cost-Justifying OA, Data- 
maticsi 32:83-88, Fdoruary 1986. 



obtzdn esti m a t es of the value to the organization of the target indi- 
vidu^(s) in terns of dollars per year (Landy and Farr, 1983) . Recall- 
ing Smith's three-dinensicnal framework, our oonoems should aifhasize 
general (rather than task-^)ecif ic) , Icng-tem perfooaanoe in terms of 
value to the organiza-:ion. Gilhert thinks of value in terras of qual- 
ity, quantity, anVor cost oonparisons. 

Sassone and Schwartz (1986) offer an 2^:pealing approach to measure 
the productivity changes vAien one introAioes office avrtcnaticn for 
professionals. Their "work profilliig" e^prr-ch is usable fean cost 
justification through perfonnanoe evaluation. Ihe core idea is to dif- 
ferentj^te tasks performed according to the skills required, recog- 
nizing that a given worker engages in varied levels of skilled activ- 
ity. For instance, a senior engineer might perform certain activities 
requiring advanced engineering skills, seme others demanding only rx3u- 
tine engineering talents, and still others clerical or si^jportive in 
nature (e.g. , proofreading, photocopying, driving to a meeting) . Sas- 
sone and Schwartz typically identify some 15 to 25 work activities in a 
d^artanent and classify these into 4 to 6 main worker categories (mana- 
gers, senior professionals, junior professionals, technicians, secre- 
taries). The/ find, in general, that professionals (and managers) 
sfpend only abcut 61 percent of their tim on higher valued activities, 
the rest going to et^port/clerical vradc and waste time (see Table 2). 
Productivity gains are measured in terms of shifting time spent toward 
higher valued activities. Inplicit dollar vadues are attached to eadi 
level of activity according to salary structure and baseline time allo- 
cations. So, if office autotation results in the professional in- 
creasing the time allocated to specialized professional tasks from 35 
to 40 percent, this translates into a monetary gain. 

To resolve th& ccnoems about how quadity relates to the perfor- 
mance of engineers, one must know vfcit different quality engineers do. 
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Wbrk profiling offers the best vehicle of which I am awBare to acxxro- 
pli fi h this. Wbrk profiling studies cxuld provide information pertinent 
to: 

• IhB extent to whidi less qualified engineers perform hi^ier- 
qualified work, and 

• Ihe extent to vAiich less qualified engineers do similar or 
different work than higher qualified engineers. 

A reasonable null l^pothesis is that a departanent may hire engi- 
neers with differing quality credentials and have them do work ocra- 
mensurate with their capabilities. Indeed, one cculd imagine a work 
profile over time in viiich less qualified individuals gain on-the-job 
or oontinoing educational training and move their work profiles oor^ 
respondingly \;5)ward over time. Such a situation would tend to dismiss 
engineering quality oonoems. Any ccndiosion that vmcredentialed engi- 
neers detract fixm engineering performancje must be based on firm evi- 
dence that they are performing higher skill activities, and doing so 
less well. layard, et al. (1971), reftised to draw this conclxasion 
from their British staxfy. 

On the other hand, should work profiles show that less qualified 
engineers do perform activities b^ond their ce4>abilities, varicus re- 
medial actions could be considered. Within an organizational xmit, 
this mi^t entail introducing ccnputer-assisted design (CKD) technol- 
ogies so that senior engineers could oversee more advancsed engineering 
work. On a national level, it mi^t suggest increased financial sip- 
port or faculty inducements for those engineering programs vtose grad- 
uates are in relatively short supply. 

Work profiling, unfortunately, iirplies in-depth, on-site analysis. 
Smedl sanples, chosen for generalizability, would need to be examined. 



DISCUSSION AND PECXWMENDATICNS 

A rruniber of issues further corplicate engineering quality and 
performance. Changing information technologies, in particular, are 
changing required ce5>abilities. The tasks that make vp paj^icular jobs 
are changing; work patterns are shifting (e.g., integrated design 
teams) ; organizations are adjusting to these entered roles. In this 
rapidly shifting milieu, the definition of engineer is not constant. 
Thus, any atterrpt to restrict the practice of engineering with enhanced 
credential requirements would be extremely dar^gercus. 

In this context of rapid change, technological obsolescence is 
hei^tened. As Norano and Deets (1986) point out, there are many 
routes to technical education, indixiing various corporate training 
possibilities. Over time, they perceive a growing gap of technical 
knowledge from the moroent of college graduaticxi as engineers forget 
what they have learned and the state of the art pushes forward. Again, 
this inplies avoiding undue enphasis on quality criteria based narrwly 
on college degrees. 

Broadened roles for engineers are a popular theme today. Some 
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surest that industrial cxaipetitiveness wculd be well-sensed by novira 
more technically trained people into nenagemsnt positions. Some 
engineers are oriented toward solving technical puzzles; others, toward 
management. Interestingly, salaries for a sanple of MIT graduates 
favored those oriented toward human, rather than technical, interests 
(Bailyn, 1980) . Another a^jealing Japanese tactic is to move engineers 
into direct ptodaction responsibilities. v»ith the advent of flex- 
ible manufacturing systems (FMS), ccoputer^integrated manufacturii^, 
and sundry forms of autonated processing, there is good cause for such 
a strategy. A recent stucfy of FMS in Japan identifies nore engineers 
than production warters operating theso facilities (Jaikumar, 1986). 
Such shifts in engineering roles suggest loosening, not tightening, 
engineering critei;'ia, in ny view. Also, studying engineering qualit^ 
and perfor m a n oe will beocne even more prcbleanatic as roles snudge. 

Engineering perfoniBnoe enocnpasses an ever-widening dcraain. Ihe 
image of tallying publications and patents to determine performance is 
just too narxcw and drifting farther off the mark— even for R&D- 
oriented engineers. Salary and prcnotion are also flawed indicators, 
as are supervisor ratings, i advocate consideraticn of performance in 
terms of general (rather thcui specific) , long-term (rather than immedi- 
ate), and organizational value (rather than individual attainment). 
Ojality, quantity, and cost factors warrant measurement. Ifow does one 
do this? 

National statistics can identify apparent shorcages of trained 
personnel, relative disparities among nations in degrees granted, and 
so forth. Earticular attention should be paid to the technologist and 
technician graduates, m addition, data on the infusion of information 
technologies (e.g., personal oonputers, CAD, shared data bases) into 
the engineering workplace are needed. Oonparisons among academic, R&D, 
and other engineering worlqjlaces would help identify gaps, training 
needs, and so forth. These varicws national statistics may help rvile 
cut quality problems, as discussed previously relevant to the flow of 
credenti/led professionals, ihey are not suitable to tie performance 
problems to quality problesns. 

I reocmmend small-sanple survey mechanisms aimed at determining if 
links c^i be established between quality and performance deficits. 
Several possibilities— recruitment cohort tradking, personnel manager 
interviews, work profiling— deserve consideration, in my view. To 
stiimiLate discussion, I suggest a survey along the following lines. 
Ihe focus should be on recxidtiasnt into engiDeering positions in a 
given year. A heterogeneous saitple of organizational units should be 
selected to include academic, industrial P&D, and industrial non-R&D 
operations. Biese should also show diversity by sector represented and 
scale of operations involved, perte^ also by geographical region (all, 
of ccurse, a function of study resources) . Ohe study should include, 
perhaps, three cohorts of persons hired into the target units (v*iether 
new or ejgjerienced hires, or within-ocopany transfers) —for example, 
1965, 1975, and 1985. A modest amount of data should be requested for 
a randcm sample of persons meeting the cohort definitions— for example, 
age, degrees, salary, and brief job description. This should be 
augmented by information on these factors for, say, each fifth year 
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thereafter and an training received* Thus, for a 1965 cjohort one would 
be able to assess career pr ogre s sion for 20 yeears (relative pnnotion 
and salary increase rates, and so forth) . Ihe most cost-effective way 
to conduct such a survey would be through personnel managers for the 
selected organizational mdta. Ohe survey could, perhaps, be con- 
structed to requite only infontation available throu^ these single 
sources. Ihat iipiies one would not track the caree r s of enployees who 
left the conpany (interpretation will have to address selection, as 
well as power, representativeness, and other topio*;). Nonetheless, I 
reccKiniend defining a survey in terms of a recrjatment cohort as the 
most efficient way to obtsdn "flow*^ information ficon educcition into 
oocipation— and that is critical to make i?rogress on the issue of 
v*iether quality is affecting engineering r:erformanoe. Uie character^ 
istics of persors being hired into engiiv^ixig positions could be cent- 
pared for 1965, 1975, and 1985. Attention would be directed to ctonges 
in the percentage with engineering d^agrees. Ihe relative career pro- 
gression of persons hired with different credentials could be tracked. 

Sudh a survey should contribute significantly to resolving the key 
quality issues; 

• Are significant nunobers being hired into engineering positions 
without suitable credentials? 

• If so, ^Aiat are their backgrounds? 

Are there identifiable differences in their career progres- 
sions (an inperfect indicator of performance differences)? 

• Do those with less desirable credentials perform similar 
work? (If their work entails less responsibility, perhaps 
there is no quality issue.) 

Should such a survey not be feasible, I offer an alternative. I 
believe a 5'-minute phone survey of, say, 50 personnel officers for 
suitable organizational units mi^t be qoLte informative. A key ques- 
tion would be, "Is there, or has there been, difficulty in filling 
vacancies with qualified engineers"" If not, quality problems, in 
terms of educational credentials, are moot. If yes, it would be i:ise- 
ful to dist:inguiish tl-iese shortages by discipline, type of job, job 
setting, sector, and other areas. (Sedary differentials between engi- 
neers and others — scientists, mathematicians, technologists, in partic- 
ular— -mi^t be tracked over time as an indicator of relative demand.) 

third (and final) small-sanple survey reconsnendation is to do 
'•work profiling*' for a few organizational xjnits. Biese should, if 
possible, span R&D and non-S&D engineering. They definitely should 
incliide adequate nunhers of practicing engineers (1) with technician 
training, (2) with technologist trainiiig, and (3) with bachelor's de- 
grees in technical areas other than engineering degrees. Ihe key in- 
terest is to identify who does vdiat sorts of work. Again, this infor- 
matdnn would be vital to identify a qu2di^-^)erformanoe problem. 

Should a case eaaerge that quality shortfalls are resulting in 
performance problems, appropriate remediaLI actions can be considered. 
It would seem that contiiruing education options — academic or industry- 
based—deserve priority consideration. Ihe continuing education re- 
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guirements of the health and ecJucation professions offer a nocael for 
ocnslderatlon. 
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THE jCMPACr OF AEWANCED MMJUEACIURING TEX31NCLDGY 
CN Bffi EEESCnVE UTILIZATICN OF lUGINEEPS 

Gerald I. Susman 
The Pennsylvania State University 



INTRDDUCnCN 

Ihe quality of the American engireering woric force is as important 
to cur pro^jects for achieving cxapetitive sucxsess as is the si^jply of 
engineers. Attaints to assess qcality are usuadly made by looking only 
at the attrlixites of engineers—such as years of schooling and number 
and tg^pes of degree. Such assessments, by thesnselves, are of limitec' 
value unless judged against oonijetitive cppOTtunities that reqiiire 
high-quality engineering. JUst as assessments of engineering quality 
cannot be made in absolute terms, neither can prescriptions be made for 
hew to inprcrve qtality vdthout ccnsidering the acvedlable technologies 
and practices that engineers mi^it use in the future. 

Several types of advanced manufacturing technology, developed re- 
cently, have the potential to iaprove the productivity of engineers as 
well as to vpgrade their loicwledge and skills. However, these new 
technologies will not realize their full potential unless they are 
introduced with ccnpleroentary organizaticnea changes. Biese changes 
can lead to using the existing engineering work force for hi^ier 
value-added activities than is the case currently. Advanced manufac- 
turing technology may liave a greater iitpact on U.S. ccnpetitiveness by 
changing the way the existing engineering work forre is used than by 
increasing the efficiency with vAiich engineers perform the work they 
are currently assigned. 



REIAnONSHIP BBIWEEN THE EEMAND PCJR ENGINEERS 
AND THE QUAUnY OF Hffi SUPPLY 

Management can meet its denand for engineers even vAoen it is faced 
with an uncertain simply (National Research Council, 1986). Howwer, 
the mechanisms that it uses to meet its needss are short-term responses, 
vAiich may have long-term negative effects on the quality of the si?>- 
ply. Ohese short-term responses inclide (a) substituti:^ technicians 
for engineers, (b) importing foreign engineers or encouraging those 
working or studying in the Uhited States to remain here, (c) dis- 
couraging engineers from taking managerial or nonengineering positions 
(e.g., in sales). When management's demand for engineers weakens, it 
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is likely to dD edl of the above in reverse as well as to reduce spend- 
ing on researcJi and developoaent (RSD) , to lav off engineers and techni- 
cians, and to assign the engineers v*k«i it retains to technical or 
nonenD*ineering jobs. 

Ihe iinoertainty of supply arises because management ties the ex- 
tent: to which it uses engineers to the peate and troughs of the busi- 
ness cycle, rather than using engineers to pursue long-term competitive 
advantage in foreign and dcoiestic narloets. Its short-term reepcnses to 
shifts in the business cycle have a long-^term iji|>act on the quantity 
and quality of the supply of engineerr When detnand is weak, fewer 
students enter engineering schools. As the typical student takes 4 
years to oooplete an engineering degree p rogram, there is generally a 
lag in si^ly \Aien demand strengthens. Ihis encourages management to 
rely on the short-^term responses that created the lag in the first 
place. Also, laying off engineers and shifting them back and forth 
between engineadng and nonengineering jobs internet the continuity 
and familiarity that engineers have with the oonpany's products and 
processes that are necessary for productive and effect±;e problem- 
solving. 

A solution to the si^ly problem created by wide swings in the 
demand for engineers is to entourage conpanies to utilize engineers 
more consistently in pursuit of strategic ocnpetitive objectives. 
Management would be more willing to invest in training engineers v*iom 
it irtilizes more consistently, viewing them as appreciable assets. 
Engineering students and the universities that tredn them would be able 
to provide the needed si^ly in a more orderly f eishion than is now the 
case. 

American cccpanies in some industries differ ftom their Japanese 
counterparts in their re^xxises to business downturns. Kawasaki Steel, 
Nippon Kbkan, and Ksbe Steel either retedned or increased their level 
R&D spending during the recent business downturn in Japan. In con- 
trast, Bethlehem Steel cut its research spending in 1982, \Aien it began 
to incur losses, and followed with further cuts in 1983 and 1984 
(Yoder, 1987). 



HOW C»N raE KMCWLEDGE AND SKTT ,TS OF ENGINEERS 
BE BEST USED FOR CXMPLTITIVE MJJPNIMSE^ 

An assessment of the quality of engineers should be made agednst 
tiie demands that can make the inost difference in inproving a firm's 
ocnpetitive advantage. Hhe Uhited States, Ja^^an, and ocuntxies of 
Western Europe are finding greater profits in hi^ value-added custom- 
ized production than in low-cost standardized production. Ihis shift 
leads to corresponding changes in the knowledge and skills required of 
engineers. Sceae of the means that firms can vise to compete effectively 
in markets for customized products are discussed belcw. 



Custaner Focus 

Interaction between engineering and marketing personnel, as well 

110 



ERLC 



f 12U 



as between engineering personnel and cwstoraers, will assure the design 
of new ^:roducts that meet custoner tastes ani needs and will sell in 
the marioet. Bie frequency of such interacticn will increase as more 
American firms switch frcm producing standardized products to producing 
ojstonized products. Advarjoed Micro Devices, for exanple, specializes 
in finding new xxses and unmet needs in the mesnory- and logic-chip 
martet. Potential custaners look at preliminary chip designs and make 
suggestions for Inproveanaents (Schonberger, 1986). Ocnpaq conputer 
starts its product developnent cycle with a one^age product descrip- 
tion. After top managesnent e^iproves it, CJonpaq sets teams of manu- 
facturing, marketing, and engineering personnel (Uttal, 1987). These 
teams assure that manufacturing can build the product vovb readily ard 
that marketing will have an easier selling it. 



Oantdmcus Prodact JDiprvement 

Many firms will have to use continuous product inproveaaent as a 
standard ooopetitive strategy regardless of v*iether they are in a new 
or mature industry. In new industries such as ocqputers, biotechnol- 
ogy/ and phannaoeuticals, new products are being introduced raqpidly. 
The underlying technological base of these products is being exploited, 
often with different approaches until an industry standard or consensus 
is reached. Ohese products have only a short time to reocjver their 
costs b efore they are eclipsed by still newer products. 

A ocnpany able to get its product to roeaket faster than its ocm- 
petitlon can earn a preanium price for its product and reduce any like- 
lihood that ocnpetitoTB can clone it and sell it at a lower price. 
Also, it may be less risky and less costly in the Icng run to introduce 
feequent eaaall inprovements based on custaners' reactions rather than 
to try to take one great lee^ forward. It is not unocnroon for ccnpa- 
nies to have several generations of a product alreaify planned by the 
time the initial product is introduced (Uttal, 1987) . 



Oantdmious Proaess Imptavement 

Japanese and German ccnpanies are more likely than American firms 
to have large, well-staffed manufacturing engineering departments that 
develop proprietary production processes rather than relyli^ on inde- 
pendent si?pliecs to develop these processes. If continually given 
challenging assignments, octpany personnel can steadily inprove produc- 
tivity because of their intimate familiarity with the ccnpaiTir's prod- 
ucts and their personal relationships with people in other parts of the 
ocnpany (Hayes and Wheelwright, 1984) . 



TO WHAT H?OCESS AND FRODUdS SHOUID ENGINEERS 
AEPLSf THEIR KNCWIEDGE AND SKILLS? 

An equally inportant aspect of applying engineering knowledge and 
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skills to ocnpetitive advantage is allying them toward the most pron- 
ising product and process technologies. An assessment of engineering 
quality wculd be inoGniplete wi.thout assessing tho tedinologies to vAiich 
engineers' knowledge and skills are being applied and the industries 
that hstve the greatest potential for e)5)loiting these technologies. It 
is beyond the scope, of this pexper to be specific in e}q)loring vMch 
technologies and industries are most promising. Sane of the better- 
known exaxtples, hcwever, include oonposite inaterieLLs for aircrraft^ 
fiber optics for telecoxmnunications, and cermLcs for autcnobile 
engines. Foster (1936) has reoamnended that firms ctudy the "S curves" 
of the technologies that they use in their current and projected prod- 
ixcts. An S curve is a grs^ of the relationship between the researdi 
and developorjit effort put into inproving a product or prxsess and the 
results obtPiined frcm that effort. Significant gains can be obtained 
fron technologies that are at the start of their S curve, v*iile rela- 
tively little can be obtained from those that are beyond the peak of 
their curve. 

The following technologies not only can inprove engineering pro- 
ductivity (with its supply-side litplications) but, laore iirportantly, 
can permit better use of existing engineering knowledge and skill. All 
of these technologies are software-intensive, and most are used when 
products are designed and manufacturing processes are planned. Conse- 
quently, they have hi^ leverage for productivity Ijtprovenient because 
they significantly Influence "downstream" activities and costs. Other 
l^pes of advancsed manufacturing technology surh as numerical control 
madiines, robots, autccated materials handling, and automated storage 
and retrieval systems (i.e., ooBoputer-aided manufacturing) are not dis- 
cussed in this paper because their iirpact on engineering productivity 
is less than that of the other technologies discussed. 

Althcu^ the productivity inpact of each type of advanced manufac- 
turing technology can be assessed separately, the most dramatic inpact 
will occur when they are integrated to form cxxrputer-integrated manu- 
facboring. The follcwing technologies and their productivity irtpacts 
will be discussed s^>arately, followed by a discussion of the likely 
infact of integrating them. 



Cbwiputer^Aided Dasign and Engineering 

There are marry types of corputer-aided design (CAD) and engineer^ 
ing (C3VE) . Most American ocrpanies use CAD in its most eleitentary 
form, as an "electronic drafting board" to create new designs. How^ 
ever, such electronic drafting can be v^r)! sophisticated, permitting 
designers to draft in two or three dimensions with •Horeframe" or solid 
models. CAD used in this way can significantly reduce the tijte neces- 
sary to produce drawings and preliminary models. One major electronics 
firm fcwnd that 2 years after installation, (3^ systems were two times 
as productive as manual systems in mechanical environments and four 
times as productive in electronic environments (Nolen, 1985) . 

The next st^ in sophistication for CAD is to transform drawings 
or models into "finite elements" so that the models can be analyzed for 
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stress, function, and so forth on a monitoring screen. 3M csit 6 manths 
off the 3 years it normally needs to develop a micax)film reader, 
because the model designed on a ccKputer was good enou^ to go strai^t 
into production. with a more ocnplicated product, an ejqjerimentad 
heart jxmP/ 3M saved 2 years of testing by simulating the surface to 
ensure that it would not make olood clot (XK±al, 1987) . 

Further savings in time and personnel are possible \*en design 
data are digitized. E}?)ert systems (discussed below) can analyze de- 
sign data and detpirmine optimal methods for transforming the clesign 
into a product. Ihese data then can be downloaded to post-prooessors 
that transform the data into ta^je or code that instructs machines about 
hew to produce the product. A significant amount of technician time in 
the average ocqpany- is currently de/oted to translating product draw- 
ings into programs that Instruct numerical control machines or robots 
about hew to produce the product. 



Expert Systems 

Expert systems are applications of artificial intelligence to 
problesns that are specific to a bo(^ of tawwledge or domain of ejqjer- 
tise. Sane of these dcmains of e>q)ertise in manufacturing inclijde the 
following: design, prxxsess and facilities planning, and maintenance and 
fault diagnosis. 

Design 

Sophisticated software such as that recently announced by Micro- 
electroriics & Occputer Technology corporation (an industry research 
consortiimi based in Austin, Texas) can sharply cut thu time needed to 
design custcndzed chips (Lubove and Duke, 1987) . 

Process and Facilities Planning 

A vi.ry large number of ej^jert-systems a^lications concern process 
and facilities planning. These systems use digitized design data to 
determine, among other functions, machining operations, tools, speeds 
and feeds, and operating sequences. Related software prograne use 
similar types of information (e.g., material flow, safety, enployee 
cxawenienoe) to decide on facilities layout. 

Maintenance and Fault Diagnosis 

Tie time ne eded to diagnose the causes of downtime on expensive 
autanated equipment can be reduced significantly. Once the logic of 
diagnosis is captured, a cctpany need not be d^)endent on the same few 
persons always being available vhen equipoaent breaks down. Also, as 
the data base is cumulative, the company is less susceptible to decay 
of its ejqjerienoe curve due to turnover of personnel. 
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Group Technology 

Groap techrx>logy is a philoeopl^ based cai the principle of grcqp- 
ing similar parts into families, \*ich leads to ecxnanies throughout 
the inanufccturing cycle. Siitdlarities can be found between virtually 
ary part attribute; but similarities in part geometry, manufacturing 
process, and process layout are found frequently in grwp tecimology 
data bases. A groip technology data base is equally useful for part 
design and fcr rrooess planing, thus making it a natural bi^dge be- 
tween the desigii and manufacturing functions. 

Graap technology can reduce the amount of time that design engi- 
neers speni in designing new parts that are similar to existing parts. 
Ihe costs of such redundancy is aptly demonstrated by a General Dynam- 
ics case in viiich a virtually identical nut and coupling unit had been 
designed on five different occasions by five design enginears and then 
drawn by five draftsinen. These parts were purchased from five suppli- 
ers at prices ranging fran $.22 to $7.50 each (Hyer and Weranssrlov, 
1984) . 

Groip technology can also significantly reduce the number of new 
parts that need to be designed \*en a new product is introduced. For 
exanple, Xerox ^ically put 80 percent newly designed ccnponents into 
a new copier model. With xase of qrcfop technology, only 30 to 40 per- 
cent of Xerox's new 9900 copier consisted of new oorapcnents, vAiich 
helped cut the design-^to-market time in half (Prokesch, 1985) . 

Groap teduiology can sisplify process planning and can pzxvide 
very loseful criteria for facilities layout. For example, similar pro- 
duction processes and production sequenoes can be a basis for cellular 
manufacturing. The number of process plans can be reduced also. A 
consulting firm r^rted that one of its clients had 477 process plans 
to make 523 different parts. However, a groqp technology ?ralysis re- 
vealed that 400 of these plans were not needed. Ihus, becaxise it took 
2 to 3 hours to prepare an average plan, as much as 1200 man-hours were 
being wasted in their preparation (Brown, 1986) . 



Ocmputer-Integrated Manufacturing 

Each of the preceding technologies has significant inpacts on 
engineering productivity by reducing the amount of time that engineers 
spend on the tasks that they normally perform. However, coBcputeriza- 
tion without integration still means that the data produced by one 
function—that is, design— mist be downloaded to the data base of 
another function. Such downloading takes time and increases the 
chanoes of transmission error. Also, i^xJating of data bases by batch 
mode in- creases the chance that one engineer will use data that has 
not yet been \?xaated by changes made previously by another engii^eer. 
As com- puter-based technologies become increasingly integrated, 
productivity will increase further by reducing the amount of time that 
engineers spend on sending their work to other engineers and receiving 
feedback from them. 
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Ideally, integration means the creation of a ccDBnon data base from 
\^*iich all design, manufacturing, and business functions can draw. En- 
tries made by any function to the data base would iamiBdiately update 
the data used by the other functions. A number of ccrpanies have 
achieved this level of integration within design, manufacturing, and 
ixisiness functions; fcuc only rarely at present does such integration 
exist between the functions. 

Integration has proceeded slowly thus far because of a lack of 
ccranon standards for an art "^itecture to link types of conputers as well 
as data bases for gre^phics and machine ccnraanication. A nunber of na- 
tional and intematicnad initiatives are under way to provide these 
standard, for example. International Grs^cs Exchange Standards (IGES) 
and Manufacturing Autcraation Protocol (MAP) . 



OCMPUllENrARy QEVaNIZmONAij CHANGES 
Smultaneous Engineering 

Bie process by viiich most products are manufactured is tradition- 
ally developed only after the product has been designed. By that time, 
the product may have been designed in a manner that severely limits the 
ability of manufacturing engineers to develop an efficient manufacture 
ing process. Once product designers release a design, they are reluc- 
tant to make design changes to accommodate manufacturing engineers. It 
means tanpering with their creation. Also, the engineering design man- 
ager may be xxrwilling to pay for redesign tine, and the designers may 
have been reassigned to work on a different product. 

Many American firms have been e)?)erlmenting with designing the 
product and manuf \jturing process simultaneously. This is done by as- 
signing engineers to teams wherry personnel who traditionally have 
been far "downstream" fixm product design are able to influence the 
product design Mtiila it is still in a fluid stage. General Motors 
calls this prtxsess "simultaneous engineering*' (Vasilash, 1987); lEM 
calls it "early manufacturing involvement" (Schonberger, 1986) . Inter- 
action between design and manufacturing engineers can lead to the de- 
sign of products that are easier and more efficient to produce. It can 
also lead to greater productivity among engineers becaxase the design is 
more likely to be "ri^t the first time," thus reducing the amount of 
time that engineers spend in creating and responding to engineering 
change notices. 



Effective Utilization 
of the Engineering Work Foroe 

There is substantial evidence that design engineers are not being 
used vhere they can add the greatest value to their ocnpanies, mainly 
in design activities. A study by United Research indicates that Ameri- 
can engineers spend 43 percent of their time in design activities 
(Wolrf, 1987). Liker and Hancock (1986) cite a stucty in \Mch design 
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engineers reported spending only 19 percent of their time en engineer- 
ing design anl the renal nder on paqperwork and si^sport activities. 
Ihese design engineers also felt that nearly one-third of these activ- 
ities could be delegated to secretaries and technicians, These re- 
ported percentages do not indicate the amcxint of time that engineers 
spend on designing nev products versus time spent on engineering 
changes. The engineers in Liker and Hancock^s stud/ r^rted spending 
32 percent of their design time on engineering changes, e}q)laining that 
they did not have enough time for adequate analysis and test of rmr de- 
signs, and assumed they wcxild be able to "fine-tune" their designs 
eifter release. 

Bie solxition to the xitilization problem is organizationaiL as well 
as technological. Th^ rmf technologies discusfwl above can firee design 
engineers frcm soma activities that Uisy or s iq ?p or - t personnel currently 
perform. Some organizational issues concern how the design flmction is 
organized. Too much design time is wasted because engineers are taken 
away from one job and assigned to do another. Schcnberger (1986) re- 
ports a study indicating that 17 percent of design engineers* time was 
spent in going back and getting reacgu2dnted with an interztqpted job or 
getting up to qpeed on a job that was assigned from one engineer to an- 
other. A solution to this problem is to permit a design engineer to 
stay with the same assignment until the design is released to produc- 
tion. Also, any action, such as dual career ladders, that discourages 
turnover and encourages engineers to remain engineers rather than go 
into mzjiagement will help. 

Fiiially, liker and Hancock also reported in their st ,y that a 
hi^ percentage of a design engineer's time was spent trying to gather 
information either from within the design department or across fux:- 
tional bouncSaries. Only about one-third of the latter attatpts to 
gather information were successful, encouraging the engineers to com- 
plete their cwn assignments at the expense of system integration. 
Cross-fUnctional teams will reduce scroe of this wasted information 
gathering time. 



Cross-Rincticinal Relationships 

As mar^ of the preceding exanples demonstrate, there will be a 
significant increase in the frequency with vAiich engineers will have to 
work with engineers from other disciplines. They will need sufficient 
kncwledge of these disciplines as well as e3q)erience in working with 
those vAio cpecialize in these disciplines. E)^)osure to general theory 
about the materi£ds and methods with vihich these engineers work will 
help to facilitate adaptability between disciplines. Some of the most 
typical cross-discipline interactions will be between eloctronics, 
mechanics, and hydraulics. Significant interactions will take place 
between those v*io specialize in hardware a^lications and those vAio 
sfpecializG in software. 

There also will be a significant increase in the frequency with 
whida engineers will have to work with personnel from other organiza- 
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tional functiosTs (e.g., narketlng, aooountlng, hunan resources, and 
strategic planning) . 

Cross-functional and cross-disciplinary classroom training can 
provide only part of ^t is needed for suooessful projects. However, 
management nust also consciously plan to provide engineers with oppor- 
tunities to learn on the job through varied cross-disciplinary and 
cross-functional team ej^jerienoes early in their careers— for exanple, 
by systematic rotation between assignments to assure ej^xasure to varied 
disciplines and points of view. 

Hewlett-Pacikard Products Division assigns R&D engineers to the me- 
chaniced engineering d^artments and the mechanical engineers to R&D. 
Uiese assignmerrts may be from 3 months to "pentanent." Engineers are 
rotated in this memner to ccnibat bad coordination. As a result, 
Hewlett-Padkard has reduced the amount of time it takes to get a new 
product into production fran 7 or 8 months to 1 or 3 months (Schon- 
berger, 1986). 



C3CNCU3SICNS 

A review of the productivity inplications of the preceding tech- 
nologies indicates that they can produce significant sewings. The 
types of savings reported are (1) the time an engineer takes to perform 
an assigned task, (2) the t.lme an engineer takes to send or to receive 
information from another engineer, (3) elimination of duplicated work 
by access to a ccratcn data base, (4) standardization of procedures 
accxjss departments, and (5) developDoent of a camulative knowledge base. 
None of the studies reviewed suggested that firitts were translating 
their productivity gains into ixse of fewer engineers. There was soce 
indication, however, that these gains were being translated into use of 
fewer technicians, many of viiose tssks were now being performed bv the 
new technologies. If this trend is representative, then management may 
have to retain engineers more consistently during business downturns 
because fewer technicians will be available to do engineering work when 
the demand for engineers ti^tens. In addition, one hopes that manage- 
ment will use its newly available resources to best ccnpetitlve advan- 
tage. The uses suggested early in this paper will increase the knowl- 
edge and skills of a firm's engineering work force. 
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OViKViEW 

For the past decade, there has been a shortage of engineering fac- 
lalty menijers in the Uhited States. The loost rec5ent (1985-86) data from 
the American Society for Engineering Education (ASEE) indicate tram a 
survey of engineering deans an 8.8 percent vacancy rate of funded fac- 
lolty positions. This rate has been xancharqed for the last several 
years, and with no indications that it will diange in the near future. 
TtiB current rate of production of U.S. Hi.D.s is inadequate to siqpply 
^-he anticipated loss of engineering faculty members from retirement, 
death, or other eaaaplcyment. 

The schools of engineering have responaed to this shortage by 
hiring foreign-born Hi.D.s at an increasing rate. At present, the 
a^^pointment of new assistant professors is rouc^hly 50 percent foreign- 
bom and 50 percent U.S.-bon. Thus, the engineering schools have sys- 
tematically e>5>loited the availability of foreign^m graduate stu- 
dents vto have ccnopleted Hi.D. programs in U.S. engineering schools. 

There are a number of negative consequences of the increasingly 
hi^ percentage of non-U.S. faculty meambers. Althoug^h the foreign-4x>m 
faculty menibers are generally well-qualified in their technical sfpe- 
cialties, mariy are not familiar with the U.S. industrial ccnplex, and 
most are blocdoed by security regulations frcm participating in joint 
programs in many federal laboratories or with defense-related indus- 
trial ccBppanies. The increasing number of university-industry link- 
ages, a nationally recognized olrjective that provides mutual benefits 
to both participants, is not aocotplished as readily with foreign-*om 
faculty menibers. 

A number of adjustment alternatives are available to schools of 
engineering, althoui^ none is -^iequate to coDpensate for the faculty 
shoi±age. One effect of the shortage is to make faculty careers less 
attractive, and that exacerbates the shortage. One approach is to 
obtain faculty services frcm nontraditional sources— for instaiice, to 
obtain part-time services frcm engineers vho either are eirployees of 
industries organizations or governmental agencies or are recent re- 
tirees. Another alternative is for current faculty to undertake larger 
teaching loads. Seme of these alternatives may result in a diraunition 
of the quality of the student's educational esqperience and the research 
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output of the faculty. Another type of adjustment to the shortage is 
to increase the prxx3uc±ivity of current faculty via prof essicned devel- 
opment prograiQS* 

Throu^ the use of a variety of oonteaaoporary information-handling 
techniques, it is possible for scrae educational programs to be deliv- 
ered to students located in both near and remote locations. A ocnoem 
vdth some of these techniques is that they may also decrease the qual- 
ity of the educational experienx of the students. 

It should be recognized that there is a wide spectrum of engineer- 
ing schools in the Uhited States so that generalizations are not valid 
in many specific cases. Hi^-prestige schools with major externally 
funded research programs are more able to recruit faculty and, so, are 
less dgpenctent on foreign^-bom candidates. However, other schools have 
essentially no other alternatives available to them. Also, it should 
be recognized that the hiring of well-qualified candidates is in most 
cases independent of national origin. However, \4ien a school is able 
to attract only foreign-bom applicants, it is clearly not operating 
from a position of strength. The overall quality of engineering in- 
struction is liable to be degraded in such circumstanoes. 

Sone proposals by vMch engineering schools might be able to in- 
crease their attractiveness to intellectually able U.S. Hi.D. recipi- 
ents need to be explored. However, in the long term, an inability to 
sipsply more hi^-quality U.S. facul^ members in engineering sdiools 
will undoubtedly lead to diminished quality in the available educ^<- 
td.anal programs in the United States. 



iNnoKJcncw 

The quality and quantity of the faculties of U.S. sdiools of engi- 
neering are of crucial inportanoe to the nation's futurp. Ihe nation 
is dependent on these faculty members to provide the education needed 
by its technological work fcxcoe. The ca^jability of that work foroB in 
relation to those of cur industrial and military cocpetitOTS will 
determine \*iether the Uhited States is econcmically strong, militarily 
secure, and able to enjoy a hi^ standard of living. In this Tpapar an 
assessment of the current status of engineering faculty will be made, 
trends will be examined, and a current dilemma will be described. The 
causes of the dilerana will then be identified, and possible remedies 
will be proposed. 



CURRENT STAIUS OF ENGINEERING EAOJIITIES 
IN U.S. SCHOOIS OF ENGINEERING 

Quality 

Currently, some 267 schools of engineering In the Uhited States 
offer accredi t ed programs in engineering and enplqy more than 26,000 
faculty members. Although all of these schools offer programs above 
the quality floor defined by the Accreditation Board for Engineering 
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and Technology (ABET), the quality of the faculties involved varies 
widely. Biey nay be roughly s^arated into tm major categories: 
those that are research-oriented and those that focus an teacSiing. 

In the top research-oriented schools, a significant number of 
engineering faculty members have attained national and international 
recognition. More than half of the 574 academic menbers of the Na- 
tional Academy of Engineering (NAE) are in 10 schools. Of greater 
iinportanoe is that such schools attract the best faculty members and 
students fran the Uhited States and abroad and can ccnpete with top 
industrial laboratories in recruiting Ri.D. recipients. ihey also 
si?)port major externally funded research progranB. 

In the 32 schools that si??x5rt externally funded research programs 
of more than $10 million per year and include three-quarters of all 
academic NftE members, the quality of the current faculty is strong. 
Ihey have the ability to recruit both U.S. and foreign-bom faculty 
mentoers of high quality. Biey usually cannot ccnpete us effectively 
with tcp industriad laboratories in the recruitment prooess, and their 
dependence on foreign-bom faculty msatoers is higher. 

There are 87 schools that grant more than 10 Fh.D.s per year. 
Ihey l^ically have several departanents in \Aiich there is a substantial 
research effort of an above-critical size. Overall, they vary in their 
ability to attract faculty mesDobers of tcp quality fecm the Uhited 
States or abroad. Their dependence on foreign faculty mentoers, partic- 
ularly fxaa the Asian and Middle East countriss, is much stronger. 

Of "the more teaching-oriented schools, some 78 offer fewer than 10 
Ih.D. Agrees per year but usually ai^ire to develop strong research 
programs. More than 100 schools focus their cffoi±s solely on under- 
graduate and master's degree programs and do not offer the Hi.D. In 
such schools there is little ability to attract capable U.S. faculty 
members in fields in which there is active industrial conpetition. 
Thus, their desire to maintain a quality faculty will result in their 
recruiting primarily foreign-bom Eh.D.s fixm the large number that 
ccnplete their graduate work in U.S. schools and wish to remain here. 
Ihe quality of the Instructional ce^ility of such faculty members 
vari es, depending on their abilities to understand the U.S. er^ineering 
environment and to ocraraunicate effectively with U.S. students. 



Quantity 

Considering new the quantity of engineering faculty in the Uhited 
States, the ^SEE survey for the 1985-86 academic year revealed an 8.8 
percent vacancy rate for funded faculty positions. Ihis rate has been 
stable for a number of years but is lower than the vacancy rate in the 
late 1970s. While the strongest schools— vhich pay an academic-year 
starting salary in the $40,000 range to an assistant professor with a 
new Hi. D. and can provide start-x^) research funding of approximately 
$100,000— do not i-iave oerious recruiting problems, most schools are 
unable to fil] their faculty positions with qualified U.S. candidates, 
particularly in those fields of greatest industrial activity. Their 
ability to pay attractive sedaries and simply new faculty members funds 
to help initiate their research programs is restricted. 
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Cteolescence 



Ihe t5>-to-<3ateness of the c ui T e nt engineering faculty also varies 
widely. With faculty careers now extending to more than 40 years and 
with the tremendous dianges in tedinology and engineering practice in 
the past several decades, the problem of faculty retaining current in 
their knowledge of the best engineering practice is increasing in 
severity. While one engineering dean estboatdd that only 10 percent of 
his faculty meambers are not i?)--to-date cn c u rrent engineering theory 
and practice, estimates of 30 to 40 percent would be closer to aver- 
age. The percentage of faculty nenbers vAk) use ooDpakers with facility 
in both their teaching and their research is lasually estimated to be 
belcw 50 percent. 

Although the sabbatical leave system provides a means for faculty 
meooabers to tpiate their technological caqpabilities, it is not available 
to all faculty and is only partially effective, since the need to cover 
ore-half of the academic year salary requires teaching or resea r ch in 
an area of existing ccnpetence. Seme new p rograms related to the pro- 
fessional developnent of faculty are being initiated in order to pro- 
vide faculty with systematic ways to keep their technological Ircwledge 
base and teaching skills current. 



TRENDS IN U.S. ENGEffiERING EAOJIIY 

Ihe most notable trend among U.S. engineering faculties is their 
"foreignization." Althoo^ the nationwide average of foreign-bom 
faculty is 2^ra>dmately 20 percent, the Increase in the rate of 
appointment of foreign-*om faculty is hi^, particulaurly in those 
technical fields in \^ch there is a strong industrial demand and in 
those engineering schools that do not have hio^ prestige. This trend 
in U.S. engineering faculty is not due to a very large increase in 
foreign graduate students in engineering but, Xdther, to the inadequate 
number of U.S. engineering students continuing graduate stud^ to the 
Ih.D. level and seeking academic careers. Currently, bO percent of the 
newly appointed faculty membeins in engineering are foreign-^bom. 

Another treiid among U.S. engineering faculty is that their a:verage 
age is increasing. Ihe increase in iretirement age to 70 years and 
beyoni means that the graying phenomenon is strong among engineering 
faculty members. While this source of talent can, in some cases, be of 
great benefit to the schools, it can also result, in some cases, in a 
prolongation of the teaching of obsolete engineering course material. 

A final noteworthy trend in U.S. engineering schools is the in- 
creasing gap between the stronger schools and the others. A nunber of 
factors have tended to widen the gap. Ihe increasingly close ties be- 
tween universities and industry have had this effect. Ihe industrial 
ccmpanies that have coipled strongly with universities have been very 
selective and have usually donated funds and eguipnnent and developed 
joint research pr ograms primarily with the strongest schools. Also, 
programs such as the Naticml Science Foundation's Engineering Resea r ch 
Centers and the Department of Defense's Uhiversity Research Initiatives 
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have been focused on the stronger schools. An overall effect has been 
that the benefits of close ties to tedmologically sophisticated ocrpa- 
nies have been nuch greater for the stronger schools. The weaker 
schools have not had the benefits of such ties. 



A DimiMA IN ENGINEERING SOCOL EACUIHTES 

A characteristic of the limnediate post-World War II era was an 
i?)grading of the intellectual level of engineering education. Major 
changes occurred in curricula, the GI Bill of Rights helped to produce 
a large number of hi^y motivated students, and the new policy of 
federally funded research in universities developed a more research- 
orientad faculty neaober. A large growth ooc ur i-ed in the nunber of 
engineering faculty meggobers. Bie entire engineering education stystem 
acted as a funnel to identify the most callable students at the under- 
graduate level, to encourage then to go to top graduate schools, and to 
encourage the most able rh.D. recipients to beocne faculty wedbecs. Ihe 
system for granting tenure served as a final filter to grant without- 
limit-of-time z^pointments to the most able engineering educators. 
Faculty positions at that time were sufficiently attractive to the most 
able U.S. engineering students. Ihese faculty candidates, as well as 
top foreignHxsrn ca n di d a t es, gave the engineering schools a sapexto 
spectrum of choices and led to the outstanding achievements of the 
engineering schools in the 19506, 1960s, and early 1970s. 

Ihe problem faced by engineering schools today is that this system 
is no longer operative. Many of the most able U.S. undergraduates 
accept attractive industrial offers after receiving their baccalaure- 
ates. Many of the most able research-orisnted Ri.D. recipients find 
industrial research opp or tunities mesne rttractive than academic ca- 
reers. Ihe inability to attract enough top U.S. intellectual talent 
into faculty positions in U.S. engineering schools is a dilenma that 
needs to be resolved. 

The response of the individual schools to this dilenma has been to 
hire an increasing number of foreign-bom faculty. When there were an 
adequate nuntjer of U.S. Hi.D.s, there was a healthy oonpatition between 
U.S. and foreign-bom candidates, and the practice of hiring the most 
able candidate added to the intellectual vigor of the faculty. How^ 
ever, the replacement of U.S. candidates by foreign-beam candidates has 
became a means of avoiding coming to grips with the underlying problem 
of attracting encui^: U.S. talent of top quality. Ihis problem needs to 
be faced and solved if U.S. engineering schools are to retain their 
leading position on =1 global scale. 



CWSES OF IHE INABIITIY 
TO ATTRACT U.S. EAOJiaY MEMBERS 

Ihe causes of this dilemma have not been systematically anetLyzed. 
However, there are a nuniber of plausible e35)lanations. One is that 
industrial careers in many engineering fields have become much more 

123 



133 



attractive than acacianic careers. Oonpanies that invest heavily in re- 
search and development (R&D) have built laboratories in attractive lo- 
cations, poravide extensive infrastriKrture support, and give tlieir most 
productive researdiers many freedons. Hie lEM Fellcw Program is an ex- 
asple of such fteedon in that those selected write their own researcli 
agenda. In contrast, federally funded academic research has beccme in- 
creasingly goal-oriented so that academic research is less free and 
unencumbered than previously. Many engineering students who are not 
occimitted to research find that if they wish to climb the industrial 
ccKpany ladder qiiickly, they should start their careers at the bacca- 
laureate level or pursue additianad education in nontechniceLL fields. 
In these cases, they are not even e>qx)sed to the possibility of an 
academic career. 

Another explanation is that academic careers in research-oriented 
universities have seme characteristics that are not as attractive in 
the long term as careers in industry. As federal funding of research 
in tsiiversities is increasingly viewed as a purchase of research ser- 
vices and less as an investment in the nation's future, as funding 
levels n eeded to sapport an active laboratoryHaased faculty menber and 
his or her research grwp have grown to the order of $250,000 per year, 
and a£ ccnojplex instrumentation and conputer services have become more 
and more expensive, the research-<^ented faculty menbers operate on a 
xype of treadmill. Ihey must continue to obtain funding at high levels 
without intemption. Over a 40-year time period, this requirement is 
a severe one. Areas of technical interest change, the funding levels 
of federal agencies vary for reasons xmrelated to research productiv- 
ity, and new technologies replace older ones. Ihe financial stmcture 
of U.S. xmiversities is such that there are few flyvheels. There are 
very few mechanisms to support senior faculty menbers who wish to con- 
vert ftxm one field of specialization to another. Yet several such 
conversions are e>qpected over a 40-year career span in engineering. 

Another characteristic of current academic careers in U.S. engi- 
neering schools is the relatively hi^ teaching loads ooctoined with a 
dearth of teaching assistants with English-language facility and an 
ability to relate to U.S. undergraduates. Thus, the time required to 
do a credi t able job of teaching has been increased as iBidergraduate 
enrollments have €aq>anded, faculty vacancies have remaii«a unfilled, 
and a higher percentage of the full-time graduate students are 
foreign-bom. 

A fined characteristic of academic careers that decreases their 
attractiveness relates to salary practia^s. While the strangest 
schools have raised their starting salary lev^s to a point vAiere they 
are ocwpetitive with much of the industrial mcrketplace, the financial 
resources of most tiniversitj.es are such that there is severe salary 
ccnpression. The average salaries of senior faculty meaanbers can be 
less than twice the starting salary of assistant professors. While 
many senior faculty meanbers mate major additions to their income 
throu^ their consulting activities, viiich are frequently profession- 
ally as well as monetarily rewarding, such activities can beooroe essen- 
tial and not optioned in order to maintain a desired standard of 
living. 
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POSSIEUE REMEDIES 



Ihe thrust of the argument in this pe^ier is that the lack of 
interest of tcp-quality U.S. students in pursuing academic careers in 
engineering has led to an incareasing "foreignization" of U.S. ei^i- 
neering faculty. Uie generally desirable practice of recruitii^ top- 
quality faculty on a global basis has beocme an adjustment mechanism to 
make up for an inadequate si?3ply of U.S. talent. Ihe possible remedies 
are both long term and short term in nature. The long-term objective 
shculd be to make faculty careers more attractive and nore productive. 
Ihe pool of U.S. talent available for faculty careers needs to be 
increased. 

There are both traditional and nontraditional sources of U.S. 
talent. Ihe use of industrially or govemmentally employed engineers 
as part-time members of the teaching and researr". .acuity can be ex- 
panded. Ihe barriers to such use are, in large part, due to the rigid- 
ity of the traditional patt»2m for appointment to a tenured faculty 
position. While preserving ti7e prestige and filtering process inherent 
in the tenure-grariting process, it should be possible to define other 
faculty positions that will both allow and encxxaage carefully selected 
engineers whose major ertplqyment is not in academe to contribute to the 
teaching workload. Such positions, although differentiated txxxa. the 
usual professorial status, should not be considered seoond-dass b\' 
regular faculty members and, mcjst inportantly, by students. 

Another large nontraditional talent source resides in wcroen and 
underrepresented minorities in the U.S. citizenry. While the causes of 
the underr^aresentation in ei^ineering of women and seme minorities are 
octplejc and extend far beyond the academic cctraunity, the academic ocm- 
munity cannot afford to be other than proactive in seeking workable 
remedies. There are suooessfully regional mc3dels, which should be used 
to confront the specific problems on a nationwide basis. 

Of crucial ijtportance in making an academic career attractive is 
to e>?)loit the positive aspects of a university ccniraunity. in a well- 
functioning academic ocraaunity, there is an intellectual excitement and 
stimulation, which ccmes fixm the interaction of creative people. Ihe 
routine aspects of academic operations cannot be allowed to mask the 
satisfactions inherent in the learning and teaching processes. Ihe 
high goals of contributing to the human knowledge base and of introduc- 
ing to the ycwng the knowledge gained in the past can create an envi- 
ronment of great appeal to intellectually able individuals. 

Itiming now to the productivity of faculty members, contemporary 
ocnimunication technology and the innovative use of the present faculty 
talent can increase productivity. Ihis can be a possible response to 
the current, quantitative shortfall of er^ineering faculty, ihere is a 
need for experimentation in new teaching and learning methods. How- 
ever, such ejqjerimentation is cosUy in time and may require new in- 
strumentation. Uhless external fundinj becomes available, veocy little 
ej^jerimentatiai will be undertaken, and current procedures will con- 
tinue to be used even thou^ they may be relatively cost-ineffective. 
Seme new programs related to the professional developtent of faculty 



125 



135 



are being initiated to provide facaolty nenbers with systematic ways to 
keep their technological knowledge base and teaching skills current. 



Ihe academic marketplace has adjiisted to the inadequate si^ly of 
U.S. faculty members by a sharp increase in the hiring of foreign-bom 
faculty members. Vlhile a balanced hiring of both U.S. and foreign-bom 
faculty has been a hi^y successful strategy in the past, the present 
situation in unbedanoed. When new facxHXy hires e^^proach 50 percent 
foreign-bom, U.S. engineering schools face a future that is very dif- 
ferent frott tl:at of the past. Many will decrease their American char- 
acteristics and also weaken their contact with the industrial sector 
and parts of the u.S. federal funding agencies. Such ciianges are not 
healthy. Public policy should be directed to a reversal of these 
trends. 
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United Technolcgies Ocxcpacation 



OVERVIEW 

A substantially smaller nuniber of young people are e>^)ected to 
enter the work foroe each year during the 1990s, and there are predic- 
tions of many more new jobs being created than can be filled fton this 
reduced labor pool. Ihe people to fill new technology-oriented posi- 
tions and to replenish vacancies in existing technical areas created by 
retiresments, deaths, and changes in career fields must ocne fron this 
same labor pool. To ccmpensate for the eaqjected shortfall in the 
avail^ility of ocniwtent technical talent, a^ustments may have to be 
made in the standards used to recruit, retain, and assign tedmical 
personnel. Alternatively, other techniques may be used to enlarge the 
technical t^ .ent pool. Ihese alternatives inclvrie: 

• Cross-training of personnel with degrees in otlier disciplines; 

• U^jgrading of technicians to scientific and engineerim posi- 
tions; and 

• Utilizing elements of the labor pool in nontraditiQPal ways. 

Uie opinions of eo^jer.lenced managers in two Fortune magazine "top 
50" ccnpanies are used to assess vftiether enplcynent standarxJs for 
technical personnel have been lowered during times of tight technical 
labor markets and to assess the viability of the alternatives for 
enlarging the pool of technical talent available to satis^ industry 
needs. Methods of assessing the productivity of technical personnel 
are discussed. 



INIRODUCnCN 

Fewer ycung people are ej^jected to enter the work force each year 
during the 1990s than at present, and many new jcbs are predicted to be 
created over the nesct 13 years. The result is e3q)ected to be a sub- 
stantial shortfall of qualified people to fill these jcte unless a vi- 
able way can be fcund to use the existing work foroe more effectively. 
Secretary of Labor Wixliam Brock has said, "We are sinply goii^ to run 
nut of people with the skills to hold the jobs that are being cre- 
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ated."^"^ Prtm this same pcx>l of young people entering the job laarket 
each yeeu: must come the techrically trained people to fill 
techno].ogy-oriented positions and to replenish vacancies in exist- 
ing technicad areas created ky retirements, deaths, and changes in 
career fields. 

Before atteonpting to put in place policies to cddress future prob- 
lems, it is i:iseful to assess the success of re^xaises to similar cir^ 
cumstances in the past. Therefore, an attaopt has been made to assess 
the quality and performance of scientists and engineers engaged in in- 
dustrial research and develc(inent (R&D) activities, with particular 
attention focused on the affects of labor surpluses and shortages on 
the activities of both the oonpany and the enployee. Ihis paper will 
report e}^)eriences involved in making adjustments to the availability 
of guali-^ied engineering and scientific personnel viihen the ocnpanies 
employed various tedmiques iiKrlxxUng cross-training, prorootion of 
technicians to professional status, and recxuitment. It will also 
touch on indicators and methods of measuring the performance of tech'- 
nical personnel. 



MB3H)D0IX)GY 

This Tpaper is based on the opinions of e}$)erienced managers in two 
Fortune mac^jzine "top 50" companies. These opinions have been used 
to reflect on industry practices, in general, and activities of their 
ocnpanies in particular. Each ccnpany is recognized as a leader in 
incorporating "hi^ technology*' into its products. Althouc^h both have 
manufacturing facilities and do business intematicmlly, one is 
eqppra)dmat^J.y twice the size of the other and has its headc[iiu±ers in 
the northeastern Uhited States viiile the other is located further to 
the west. One serves the military and commercial aecxDspaoe markets as 
well as being a producer of major industrial systems. The other serves 
the ccranercial/consumer market. One has grown throu^ a series of 
major acquisitions and in recent years has been restructuring to focus 
more on traditional businesses. The other has grown throu^ its evolu- 
tionary spinoff philoscplqr— developing unrelated business in estab- 
lished grxxps or divisions and, \*en these businesses have beoorae large 
enou^ to be self-si^porting, splitting them off from the parent divi- 
sion to create a new division. T.iis latter company has also found it 
necessary to restructure to some degree in recent years. 

Both ocnpanies have been faced with the problem of reassignment or 
reduction of an existing techiiical work force due to their restructur- 
ing activities and have had an opportunity to evaluate the success of 
some of their tncimcal ertplqyment policies. While both are recognized 
as major R&D-or:ented ccwpanies, they are different enou^ that it is 
felt that they pjxivide a balanced view of some of the inportant topics 
to be trea ' r?d in this paper. 



Anonymous, Work in the future AARP Ne^s Bulletin 28(7): 13, 
July-August 1987. 
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MARKET-ERIVEN AEOUSIMENIS 



The availability of qualified technical personnel (scientists and 
engine^) in ti^t and loose markets may affect the employer's stan- 

^^tion, and assignments within the organiza- 
tion in both favorable and unfavorable ways. In a period when there is 
a sihortage of engineers graduating from college and available in the 
ej^ienoed technical pool, there is a potential for lowerim recniit- 
ment standards. Ihe octrpany that has normally recnuted fron the first 
and second quartile may be more interested in graduates in lower quar- 
tiie_ ranges of the graduating classes— essentially lowerim its quality 
requirements—than if there were a surplus of technical talent and the 
ccnpany could be more selective. 

The concem that the limited availability of scientists and engi- 
neers will force enplcyers to make ccnpranises in their stancJards for 
2?^,'^^^^°"' utilization may have merit. Requir«nents for 
sciartific «nd engineering job openings usually spell out specific 
acadmic requirements-bachelor's, master' or Ri.D. degree-Sxi a 
desiroi amount of experience in a particular field or specialization. 
SSil^'P^''^^ and the job waiting to be done, corpses ma^ bi 
considered: a master's instead of a Hi.D., 4 years' ejq^erienoe in^d 
Of 7, a mechanical instead of an aeronautical engineer. Another ao- 
^fi^^ ^ ti^t labor market is to offer additional inducements for 
qualified technical personnel to work for a particular firm. Higher 
salaries, enhanced titles, incre^ised managerial responsibilities, and 
allowances and housing assistance are among the iiiuce- 
m^ that can be used to attract recent graduates with advanced de- 
?^ techniques can also be effective when seeking qualified 
indivi^s frctt teachii^ positions at colleges and IxSSSitS^lS 

odirpetitor's establishments. The type and level of 
^Sf^^"? scientific equipnent and canputers are added induce- 

SSJS:,!^ ^ programs as tuition reimbursement programs, 

Qoctoral leaves, and industry-campus exchanges. 

^.rJ^ oanpanies studied believe that they have not changed their 
standards for new hires durii^ changes in the market si?»ly of scien- 
;i^>iTu®^^'^^* ^general, they have done whatever is necessary 
to hire the desired technical talent, includii^ the following: "^""^^^ 

• Paying hi^er competitive salaries and fringe benefits; 
Recruiting at more colleges; 

• Advertising in more cities and in more media and making more 
recruiting trips to reach a greater number of ejqjerienced 

• Spending more time looking for the "right" person. 

Their e)?)erience has shown that each company can get the right per- 
S S^^?'^?^ .sufficient energy and resources ard that they Ire bet- 
t^^^ to do this than to accept someone who meets lower standards and 
to whom they my have to accommodate throughout his/her entire career. 
nr««.'2 ^ recognized that both of these companies are considered 
premie hi^-technology employers \^ho can demand and get the qualifi- 
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cations that they seek in their errplcyees. In fact, one of the ccatpa- 
nies stated that such a large pool of talent always contacts it about 
poter.tial eitployroent that "it is a relief v*ien the si^jply of technical 
talent is ti^t." This would probably not be the case for industry in 
general. 



AIITEBNMTVE ADJUSIMENTS 

Ihere are many alternative ways, other than reducing enplcyment 
stardards v4ien faced with a ti^t labor market, to satisfy a ootpair^'s 
need for technical talent. Each has irerit in particular circumstances 
but must be used with caution. Uiese alternatives inclixJe: 

• QrxDss-training of personnel with degrees in other disciplines; 

• U^Dgrading of technicians to scientific and engineering posi- 
tions; and 

m Utilizing elements of the labor pool in nontraditional ways. 



Cross--2!rainingr 

Personnel with degrees either in fields other than the desired 
technical discipline or in nontechnicsd disciplines can be utilized in 
scientific and engineering positions. Ihe hiring or transfer of indi- 
viduals with nonengineering degrees into engineerir^ positions happens 
on occasion; however, it is less likely to occur in a strict R&D envi- 
ronment — one involving basic and applied research and developroent— 
than it is in a laore xoanufacturj.ng-oriented facility, where there is 
more flexibility in engineering assignments. Personnel with nontech- 
nical degrees generally require more cross-trainiiig than do personnel 
with othtr technical degrees. Iherefore, it is more liJoely that a 
person with a different technical specialty will be the candidate for 
cross-training* 

In a strict R&D environment, manufacturing is at a minimum. CJon- 
sequently, in these organizations, those groins involved with produc- 
tion engineering, process engineering, quality engineering, and service 
and sales engineering ar<^ necessarily small and provide little in the 
way of a source of non-R&D engineers for R&D training. Conversely, as 
business falls off and the need for trained er^ineers slacke:^s, there 
are few places where they can be "parked" until business picks 
again. If they cannot ba utilized or retrained throu^ formal in-house 
training programs or programs set yjp at loccil colleges and universi- 
ties, the possibility of a reduction-in-foroe must be faced. In such 
situations the transfer of technical pei-sonnel to the more production- 
oriented xanits within a ocfftpany is a logical attenpt to retain within 
the cconopary as many such individuals as possible. If the reduction-in- 
foroe is large, those unable to be placed can be offered to other com- 
panies to interview them for positions that will keep them within the 
engineering field. In production-oriented conpanies, R&D engineers can 
be moved quite readily to the non-R&D activities, and they will usually 
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perform well after a period of on-the-jci> trainii^. It is not a two- 
vay street, hcwever, and e5q«rienoe has shown that the non-R&D erxjineer 
v«io has grown in the non-R&D areas is not a ready sourS for 
staff ^ R&D positions vdthout a fairly extensive rettainlr^ prxMram. 
^ ItK^ hvmorous and tragic to recall an ei^ineering recruit- 
ment trip to a southern city in which all the interviewees h5 master's 
degrees ui marketing because there were no colleges in the area offer- 
ing tedinical programs, ihat situation has sinoe been remedied It 
^"^Li*^: in-house technical training programs are", for 

advanced technical programs and seminars at local colleges and univer- 
sities, vtoe advanced degrees may be earned, cross-training unc3er- 
takai, or knowledge kept current. This latter aspect is quite impor- 
S?- ^ fast-changing technical society, particularly when an 
individual has been out of school for quite awhileTto assie tiS: S 

'^'^ ^ of the art and stay^ ahead of thTccro^ 

petition frcm more recently graduated peers. 

°£ ^ cxoipanies included in the survey noted that when it 
^S?!^.":" ^ Battelle Er^ineering Survey, a review of the mSial 
sjtett^iTidicated that the vast majority of the ccrtpany-Tj^SS 

^n^S^^^J^ '^''^■^ ^ ^^^^ andltSTthe 

nondegreed engineers and scientists, and individuals with nonencri- 
n^irig or scientific degrees, was quite small (approximately 4 pir- 



Upgrading of •rectmicians 



f^Ji^^o'J' unoiployment and declinii^ enrollments, the i;?^ding of 
tedmcians to engineering positions has beoane a very viahS^thod of 
iT^pJ^^^- ""^"^ requirements. The hi^ Standards iSSeS 
in an acempt engineering or scientific organization must be maintained 
SLSf ^ nexibility to selectively vrc^oS^J^^^^^ 

degreed individuals vdoo consistently demonstrate, in the pStoSoTSf 
^to ''^T^vf^^^^^j'?^ background, knowledge, aM jS^TSSe^f 
sary to undei ^ the full range of technical prcblems^t must be 
J^essed, now and in the future, in any prxposed proSsSSl ^ig^ 

^inSv^ JS- ^ ^^^^ ^ transition of technician to 

«^ineer m most companies was, at best, only an occasional occunSx:^ 
In the current situation, the technician, particularly he se^^l 
^cian, an the R&D laboratories works h^-glove^wiS ^ 
sional^ineer or scientist in such fast-chang2ig fields asllSSS- 
r^rt-^^'^'nu ^^'to-electronics, materials and ceramics, and 

^iS^ck S^r^^tJ^n^^ IS often gained by the technician(s) 
worxing on the project. Consequently, when openings in the lower tech- 

toe prcinotion of technicians to these positions, arguiiw thatthese 
S^^^tSf ^/fili^ ^ith the work and are aire^T^aiS-SS^ 
thing that wculd have to be done to sane extent with a new^Suate 
engineer should they elect to hire one. wxt^ a new graduate 
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In such situations, cautioi must be exercised vdien a claiia is made 
that a technician is perfonning the "saine work" as the professional 
ei^ineer. An assessment of the engineer's assigned responsibilities, 
either by the engineer himself or by his or her si^^ervisors, must be 
made to assure that he or slie is engaged in professional or exeirpt- 
level work and not performing duties that tend to be of a nonexenpt or 
routine and repetitive nature. In mai^ situations \*iere the technician 
is thou^t to be working above his or her job classification, in actu- 
ality, the engineer or scientist on the project is working below his or 
her classification. 

3ie technician ranks today do, indeed, provide a potential source 
for filling entry- and lower-level engineering positions. In today's 
arena, the old mechanical and electrical technician has almost been 
forgotten in favor of hi^-tech specialists in such areas as optics, 
electronics, electro-optics, and lasers. The 2^ear technical trade 
and conmunity colleges that graduate technicians with Associate in 
Science of Engineering degrees are grcwing. Hcwever, the graduates are 
still too fesa to meet all demands. Many of these graduates oontinue 
their studies tcward a full bachelor's degree vmder the aegis of cscm- 
pary txiition-reimbursement programs, thus hastening their prcmotability 
to the professional ranks. Since most teclinicians have less than 4 
years of undergraduate education, an education-e)5)erienoe equivalency 
must be determii>ed. The equivalency must equate experience and educa- 
tion to be equal to a bachelor's degree for those technicians v*tc have 
not esqpanded their formal education yet possess the kncwledge and abil- 
ity for possible promotion to professional status. In all instances, 
the pronotion of technicians frcm nonexeirpt to exenpt positions must be 
done on the assurance that the requirements of federal wage and hours 
laws will be met — the performance of exHrt?>t-level work at least 80 per^ 
cent of the time, work requiring the consistent exercise of ind^)endent 
judgment and discretion. Within the central research center of one of 
the ocwpanies, marked success has been achieved in the selective pro- 
motion of technicians to professional status, particularly in such 
areas as electromagnetics, electro-optics, and inicroelectronics. Pub- 
lished papers and patent assignments attest to the ocnpetency and per- 
formance of these individuals. 

It has been of interest to note that the attainment of a 4-year 
degree in engineering technology normally does not open the door to 
professional-level assignments, and those graduates frequently cxDntinue 
their education to obtain the traditioncil bachelor's degree in mechan- 
ical or electriced engineering. 

The reassignment of the "lanschooled" technician v/ho has been pro- 
moted to the professional ranks will always present a problem and hi^- 
li^ts the need for extreme caution in evaluating both the requirements 
of the job to be performed and the background of the technician before 
such promotions are made. Promotions made in the urgency of the mo- 
ment, to get a jc4> done, may have painful future ramifications in terms 
of dcwngrades, layoffs, and eirplqyee morale. To relax professional 
standards so that prcmotion of i technician to an engineering level 
would be relatively easy would be a disservice to the technician, to 
the professional staff, to the comopany, and to the corrpany's customers. 
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It might be well at this point to mention the ej^ierienoe of one of 
the catpanies surveyed in reassigning pranoted technicians. The ooro- 
pary had made extensive use of pronortlon of technicians to exenpt 
status, so nuch so that in one of their operations thjose prcnoted from 
the ranks of technicians new nunber 30 to 40 percent of their technical 
work force. This was done in accordance with their policy of prcnoting 
fran within and may also have been a way to give recognition to enploy- 
ees in times v4ien rigid controls liad been placed on salary increases 
vAiile the controls on pronotions were less restrictive. The hi^ per- 
centage of the work force that had ccne ficon the technician ranks cre- 
ated a major problem for the ccnpany vdienever it became necessary to 
ciiange the geograjSiic location of a major operation or to reassign 
pecple due to dianges in the market for their products. Many enploy- 
ees, particularly the senior technician-engijieers, did not want to move 
to new locations or to new iXmcticns and, in accordance with its pater- 
nalistic nonlayoff policy, the ccopary's atteaoopts to find oonparable 
level jcte for these enplpyees—with their narrow training, in their 
existing division or at least within the imnediate geogre^c area- 
proved to be quite a challenge. 

Faced with this probleaa, the ccnpany surveyed its peers in the 
Industry and fcund that these peers, in general, had followed a much 
more restrictive policy en pranoticn fron the technician ranks and did 
not have the same problen, at least not to the same degree. The ccm- 
panyalso fcwnd that, in general, vAien it pranoted a technician to an 
exenpt status, he or she was not replaced and that the technician's 
duties became spread between the newly pranoted individual and the 
graduate engineering personnel working on the project. Presumably, 
this caused a lowering of the technical content of the work being done 
by everyone and di m i n is h ed the productivity of the groip as a vftiole. 



Nontraditional Technical Labor Pools 

Electronics, optics, lasers, cccposite materials, teleocnintunica- 
ticns, and carpwter advances as well as advanced defense programs have 
rekindled an interest in science and engineering. However, the hi^ 
cost of education, the renewed interest in liberal arts (particularly 
teaching) with its recent higher salaries, and the declining size of 
the feeshman classes (vMch is spreading fewer students over more 
fields of interest) are taking their toll on scientific and engineering 
enrollments. 

On the bri^t side, Stanford Uhiversity recently noted a signifi- 
cant increase in the enrollment of wonen in its technical prxsgrane. 
Workshcpe to inform teachers and counselors about the nature of techni- 
cal careers in the 1980s and the irtportanoe of encouraging wonen to 
take mathematics and sciences throughout hi^ school are now being con- 
ducted; recently, one was held at Smith CJollege. Many wonen stop tak- 
ing these ccurses in their junior hi^ school years, thereby effec- 
tively narrowing their technical career options before they really know 
v*at -Uiese cptions are. Woaien have already entered the medical and le- 
gal fields in increasing numbers and with marked success. Because 
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wcxasn eure a sourcse of technically . -ained personnel that should be 
exKxxiragBd and developed to meet national scientific and engineering 
needs, they should be encouraged to enroll in engineering and scien- 
tific curricula. 

It is an interesting ccntredicticn to note that businesses and in-* 
dustries are still encouraging erqplqyees to take early retirement vdien 
in their fiftiefi and sixties, even thou^ mandatory retirement has gen- 
erally been eliminated and the Congress is enticing older worteers to 
work longer. T!lie government is doiiig this by proposing the accrual of 
pension benefits for enployees over 65; the eventual rise in the age 
for drawinL, full Social Security benefits frcci age 65 to 67; and in the 
year 2008, the increase from the present 3 percent to 8 percent of 
normal Social Security benefits in the credit that a worker receives 
for each year that he or she delays the collection of benefits after 
reaching normal retirement age. Ihe older enployee r^resents a logi- 
cal source of hi^y skilled personnel, and perha^ it is time to xood- 
ify early retiranent policies in lic^t of predicted labor shortages 
just a few short years away. Berheqps more formalized programs invol- 
ving shorter work-weeks, fle)ctime, shared assignments, gradual reduc- 
tion of the nuznber of hours worked during the last few yeirs, and sab- 
'oatical leave will be required to retain potentiad retirees and to woo 
already retired persons back to industry. 

Another element of the woiic force that can provide a substantial 
source of tedinical personnel is noncitizens, who already make \jp a 
large portion of the enrollment in technical vjraduate schools and do 
very well in these curricula. Many of these individuals elect to re- 
main in the United States after cccpleting their formal education and 
seek expropriate enplqymerit cppoi±unities. The nc^^itizen can be a 
good source of technical talent for cccpanies not engaged in defense- 
oriented activities. However, ccnpanies that are engaged in defense- 
oriented work, for v*iich security clearaiKes are required of their 
employees, find it very difficult to eitplqy the noncitizen due to the 
specied handling that must be undertaken to assure that they are l<ept 
away from the classifiea areas. 



PEE^PCSRMRNCE ASSESSMENT 

Absolute performance of scientific and engineering personnel is 
very difficult to assess. The nunib^ of patents issued, the number of 
technical papers published, and the number of special technical merit 
awards received have often been suggested as criteria for jiadging per^ 
formance. However, it is recognized that these indices can only be 
used to get a general feel for performance, if patents and ^papers do 
not ccroe frcrn a particular group (such as technicians proraoted to tech- 
nical-exenpt status) rcu^y in proportion to their percentage of the 
overall techniced population in a conpany, then their productivity may 
be less than that of other grci:^. Ohe absolute nuznbers of these pub- 
lications, however, are often determined by budgets, nature of the 
technical work being performed, management en^iiasis on patenting and 
publication, and other factors rather than on the productivity of this 
portiai of the technical work force. 
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One of the subj8c± cxupanies atteinpted to cJefine the question of 
procJuctivity indir©ctly, in a rather interacting and imiqije manner* 
Ihe theory that it investigated was that if individuals are being prx>- 
ductive in their technical activities, their sipervisicn will recognize 
this and will pronote them throng the technical hierarchy. Therefore, 
a survey was done of the length of tine graduate engineers had been in 
a particular scientific or engineering grade. One analysis xmdertaken 
was to determine ^*iat percentage of people were more than 10 years in- 
grade in various grade levels. Ihe "surprise" that came fron this 
study was that in eacii of the grades surveyed, only 5 percaent of those 
in-grade for mare than 10 years were originally eaplcyed by the occpany 
directly frm college (at all degree levels—B.S., M.S., and Fh.D.), 
vSiile almost 50 percent of those in-grade for mcane than 10 years wca:e 
orLginadly eooployed as e55)erienc3ed scientists or engineers. Various 
iQ^potheses were advanced by the coopany in an atterapt to e)q)lain this 
situation, inclxiding the following: 

• It may be easier to judge the qualifications of those techni- 
cal people entering the vrork force directly fron college 
because thsy are essentially a pool presorted by honor^xDint 
ratios, class standing, and extracurricular activities, for 
instanoe— criteria that are generally thcu^t to be less mean- 
ingful for exjperienc^ personnel. Also, the experienced pool 
may incliide a hic^ proportion of people whose unsatisfactory 
work e)qperienoe else&*ere has caused them to seek new errplcy- 
ment. 

• It may be easier for a person coming directly fim a campus to 
ada^rt: to the ocnpany culture. 

• A manager may "care for and nurture" the new graduate nore 
than he or she would an e)q)erienoed person and, therefore, the 
new graduate adapts more easily. 

• Often, an e}qperienoed person is hired to fill a specific 
short-term need but is then retaii«i after that job is fin- 
ished and used in a nonoptijmim position. 

In the RSD environment, investigative tasks are often ill-defined, 
at best. Uiis, in addition to the particular engii^eering or scientific 
discipline and the results desired, will usually determine the educa- 
tional background— B.S., M.S., or Hi.D.—and experienx level required 
to handle an assignment. A performance evaluation should reflect how 
well the^ individual meets the objectives of the job, nontally set In 
conjunction with his or her si^jervisor, and how well he or she achieves 
i^)ecific job requirements. Hie performance of the scientist and engi- 
neer in £n RSO environment was found to be evalxaated in the same way in 
vAiich technical, nOTtechnical, management, and clerical enplqyees in 
other environments are evaluated — ^throu^ def ineu performance require- 
ments measured against fair and consist^ stanaa\ds. (attainable cb- 
jectives must be established and specific tasks or projects clarified 
against jAddx the enplcyee will be assessed. However, because the R&D 
tasks are often ill-defined at the beginning of a project, the assess- 
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ment prooess wast ft©quently be dcaie on a subjective basis. Ihis is 
true \*iether a team effort or an indivi.dual effort is involved; and in 
a highly technical R&D envirxanment, there are many individual can- 
tribiticors to many projects. Assignments require planning, scheduling, 
analysis, and documentation so that special requirements such as time, 
resources, and budgeting of costs can be used to determii^ \Aiether job 
objectives are met, exceeded, not met. 

Ihe d^aracteristics or traits of a ccwpany and of its eaonplqyees 
are usually the same and can be determined £tm its reputation and per- 
formaix» record. A reliable ocnpany provides good-quality prcxJucts and 
services, m.'^ets its schedules, and makt^ timely deliveries. It is 
cost-conscious and innovative, enploying the latest techniques and 
equipnent and lAsing quality p^rts and materials. It attracts good 
enployees: they (1) are hi^y trained and e}^rienaed with the ability 
to apply job knowledge and skill to technical e^lications; (2) are 
innovative in their planning, organization, and carrying out of assign- 
ments; ard (3) are cost-conscious and schedule-conscious and display 
initiative and teamwork in performing their jobs and in working with 
others. Furthermore, they possess conomunication skills. All of these 
characteristics or tredts are criteria that can be measured with vary- 
ing di^grees of objectivity, and performanoe standards can be developed 
for them. 



SUMMARY 

It is clear from most indicators that a shortage of technical, 
scientific, and engineering personnel looms in the not too distant 
future. Falling enrollments in the colleges and xaniversities at a time 
vftien technological advances seem to be made on a nearly daily basis do 
not bode well for filling nev technical positions, much less maintain- 
ing existing positions that beocrae vacant throucfh normal and early re- 
tirements, deaths, and career changes. Based on the e}^)erienoe of the 
two coipanies surveyed, enployers have not extensively coKpromised 
their standards for hiring, prcrootion, and xitilization of scientists 
and engineers, but there is a potential for this to occur in the 
future. 

With the admitted shortfall of technical personnel, attention 
should be focused on alternative sources tor filling future technical 
job requirements. Such alternatives ixx:lxide the transfer of non-R&D 
technical personnel to R&D positions, the selection and promotion of 
hi^y qtrJified tedinicians to exean^ technical positims, and the 
publicizing of options and opportunities in the various technical 
fields to encourage more people to enter them. Encsouraging women and 
minorities to enroll in technical courses and schools and the develop- 
ment of programs to utilize the technical talent*; of the retired popu- 
lation (vihidi, if not yet, will soon be the largest age group in the 
country) are all equally important. Ihe transfer of non-R&D technical 
personnel to RiD positions is not the most viable solution, for it is 
costly and time-consuming to retrain and is done at the e}^)ense of the 
non-R&D jobs. Thou^ such activity is a form of cross-training, it 
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Might be better to encourage cross-training through tuition relntourse- 
ment programs whereby the errfineer or scientist pursues formalized 
training in another technical disc^line and both the ocnpany and the 
enployee benefit. 

Ihe performanoe of the technical enployees of a carpany reflects 
directly on the performanoe of the ocnpany. iheir performaix» can be 
assessed using defined performanoe requirements measured agadnst fair 
and consistent standards. In an R&D environment, publishing in techni- 
cal journals, giving technical presentations, and being issued patents 
are tangible, though secandary, indicators of performance, tedinical 
ocnpetence, and a personal desire to participate in and keep up with 
current technical literature. 
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PERFORMANCE OF SCrENTISTS AND ENGINEEKS 
IN NDN-RScD INDUSTRIES 

James F. lardner 
Deere & Conpany 



INHmJCTICN 

The purpose of this paper is to examine the lose of engineers by 
inciustry when th^ are not assigned to research and develcpnent (R&D) 
tasks^ to determine hew the quality of the cxw'.tribution of those engi- 
neers is measured, and to assess the interchangeability of those et^- 
neers into other engineering assignments as ocnpany and national prior^ 
ities and focus change. I rely on anecxiotal evidence and the long-term 
e}?)eriencse of a number of senior executives v4k> have been involved in 
the hiring, training, and enoployment of non-S&D engineers, ihe sanple 
conpanies include three major machinery manufacturers, a machine tool 
m a n u f acturer, two large electronics manufacturers, a major aerospace 
ocrapany, and a large manufacturing and engineering ocwpany. All exec- 
xitives interviewed were themselves graduate engineers involved in a 
variety of corporate responsibilities. All, however, have been and 
still are responsible for the hiring, assignment, and develcpnent of 
nonHR&D engineers. 

The investigation covered four prinjipal areas. First was to 
determine whether these ocnpanies, as a corporate practice, hired 
graduate engineers directly out of college for nontraditional engi- 
neering jobs. Second was to determine hew the contribution of er^i- 
neers VK>ridng in non-R&D assignments was measured. Third was to deter- 
mine v*iether those engineers represented a reassignable resource \4ien 
corporate priorities or focus changed and to what degree. Ftwrth was 
to develop a judgmental evaluation regarding the rate at vtoich engi- 
neers in non-R£a) assignments beocme technically obsolete v*ien cocpared 
to engineers \*o woi* in the R&D environments and what could be done to 
avoid or slow the trend to obsolescence. 



REORUITMEMr AND ASSIOiMENT 

In spite of the diversity of the principal business of the ocnpa- 
nies involved in the study, there was a significant ccjnraonality in the 
way that they all recruited and assigned engineers to non-R&D jobs. 
Thoucji the breadth and nature of the assignraents given to engineer:? in 
non-R&D jobs varied, there were a nurtber of striJcing similarities among 
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the oorpanies* Each hired significemfc numbers of engineers for roarket-- 
ii^ and manufacturing jobs. Soooe extended these categories to subdivi- 
sions of narteting and manufacturing or product service, parts quality 
assurance and reliability, personnel, and safety. An iicportant number 
of engineers was edso found to be enployed in manufacturing and corpora 
ate nanageoent. tthile specific employment figures were acvedlable frcm 
only twD ocnpanies, the e>eecutives interviewed stated that the split 
between graduates hired for R&D assignments and graduates hired for 
norHEl&D assignments varied fron 60 to 70 percent R&D and 30 to 40 per^ 
cent non-R&D to the norm of about equal peixsentages. All executives 
mentioned post-iiire reassignments that do move people ftxm R&D to other 
Idnds of activities within the cccpany as a factor in placing engineers 
in nonengii^eering assignments, but none believed that planned reas- 
signment was a significant factor in moving engineers hired for non-R&D 
assignments into R&D positions later in their careers. 



QUAUTY OF EEREX3RMANCE 

Several observations were made by the executives interviewed re- 
garding the quality and abilities of current engineering graduates. 
Nearly all mentioned the liiportanoe of ccnputer literacy in e*igineering 
today. As a matter of fact, in oomnents on moct older engineers, re- 
gardless of assignmait, a consistent criticism was their lade of acqui- 
sition of oon(xxter skills. This new seems to be considered an essen- 
tial requirement for successful engineering performanoe in a majority 
of engineering assignments. Hbwever, there was also considerable com- 
ment abcut the lack of e^reciation or xjnderstanding of manufacturing 
and manufacturing problems on the part of recent engix^ering grar mtes. 
CJociments ranged fron "engineers graduating today are not culturally 
conditioned in school to accept the reality of the manufacturing envi- 
ronment" to "grad u a t es today don't seem to imderstand that engineering 
involves teamwork, not just an individual effort uncoordinated with the 
vdiole." 



-Recent Enginoering Giraduates 

All executives in these interviews were eirphatic in stating that 
the principal reason for hiring engineering graduates for non-R&D or 
nonengineerJing jobs was that engineering graduates perform better and 
achieve results sooner becaiase of the scholastic discipline of their 
engineering training and the subjects that engineers sti^. One exec- 
utive—responsible for hi^y conplex, technical, non-R&D activities- 
said that it was his opinion that the cost and demonstrated results of 
training people without science or engineering degrees in his business 
were so tmattractive that his cccpany had almost given up trying. 

In re<r!rd to prq>aring newly hired engineers for corporate enploy- 
ment, all companies claimed seme form of trsdning or indoctrination de- 
signed to bridge the gap between the academic environment and the busi- 
ness world. Three executives specifically mentioned programs that they 
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personally had established in the past but viiich had died out vto they 
left their former j<±>s because of prcBaaotion. In all cases the training 
programs were described as ••hanas-on" ; they lasted fran 18 months to 3 
years and featured a variety of planned eo^wsures to various aspects of 
the ccitpany's manufacturing and engineering activities. It was appar- 
ent that all programs clearly relied heavily on a mentor system. One 
of these oatpanies is new engaged in reinstatinc, such a program with 
the hope of improving the performance of newly hired engineers in a 
shorter time period. 



Censer Engineers 

Retraining engineers after they have passed through the initial 
stages of their working careers is recognized as a serious problem and 
one that none of the executives interviewed felt his catpany had ad- 
dressed adequately. The solution to the trcdning challenge is felt to 
be ccaiplex and ej^jensive, but all ejfficutives agreed that the solution 
of this problem is essential to medntaining adequate performance of 
engineers almost regardless of the nature of their assignments. Ihe 
problem can be divided into three issues: retraining enployees working 
in engineering assignments; retredning enployees working in nonengi- 
neering but closely related assignments; providing i^)ecific<i21y 
focused training related to a defined job or project and directed to a 
specific, well-defined purpose. 

In the matter of measuring the quality of the contributiOTi of 
engineers in non-R&D assignments, the reactiOTi was uniform in all eight 
ocnpanies. In every case the enplcyee was jiidged on the basis of the 
performance required or inplied in the job description of his or her 
current job. In no case was ary formal attenpt made to rate the em- 
ployee on the basis of the quality of his or her engineering work as it 
applied to the job being done. HCwever, it was stated by at least five 
of the people interviewed that in nearly all cases, job performance was 
enhanced substantially by the engineering educatiOTi of the incumbents. 
In fact, in sonae cases those interviewed ejpjressed a belief that with- 
out engineering training, it would be too difficult and/or too ejqjen- 
sive to train pecple to perform satisfactorily and that, in a practical 
sense, only an engineering graduate could do the job satisfactorily. 
In spite of the hi^ regard that all of the executives interviewed had 
for the performance of engineers in non-R&D jobs, none felt that their 
performance was adequately recognized and rewarded by their employers, 
particularly in regard to selection and preparation of those engineers 
for senior corporate management jobs. 

Dtpact of Engineering (S3solescence 

In discussing the problem of engineering obsolescence, the consen- 
sus of the executives interviewed was that given the rate of change of 
the_ working environment, engineers could only remain current on the 
basis of their college education for an average of 10 to 12 years with- 
out significant retraining. After that period they appear less able 
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than the recent graduates to deal with current engineerii^ problems and 
technology. At that point, the newer engir;dering graduates* advantages 
diminish, and distinctions between shorter and longer service engineers 
becorae inudi less signifi':ant. In the case of graduate engineers ix>t 
working in jobs requiring the daily application of engineering sJdlls 
and kncwledge, the tirae in which they deraonstrate conparative, iitproved 
performance ccnpared to that of langer-uervioe engineers was estimated 
to be 5 to 6 years, or about one-half of the period to tea:nical obso- 
lescence experienced by engineers working within the professic i. 

Unforxmately, this produces a situaticai in vAiich engineering 
graduates are courted and given special training and attention during 
the indoctrination period; but later, in an environment or ccrapany cul- 
ture that does iiot reqiiire engineers to undergo constant training to 
remain current, they beccxne less effective and are given ixxirbasingly 
routine assignments. They beccne less and less effective contributors 
to the corporate effort and frequently expe^ier)ce a loss of confidence 
in their abilities, viiich further reduces their effectiveness. There 
are som exceptions to this, of course. Engineers vAio leave the engi- 
neering profession for good and embark on careers that can be learned 
on the job are not affected. Neither cire engineers v4io take advantage 
of the educational opportunities offered by eirplqyers and pursue con- 
tinuing education on their own. Ihe victims of obsolescence are the 
engineers v4io do not. Ihe achievers are not a majorit^', however* It 
is estimated by executives interdewed in this survey tt^t no more than 
10 to 15 percent of all errployed engineers undertake an organized and 
continuing effort to retrsdn themselves on their own initiative. The 
belief of v;:Tst of those interviewed was that more structured, irore 
obligatory programs are required to avoid premature obsolescence /or 
the majority of engineers enployed. 

Ifttfortunately, professional obsolescence affects both the quality 
and absolute availability of CTgineers in industry. The older engineer 
vdio has fallen behind professionadly is relegatad to increasingly rou- 
tine jobs. Such assignments erode the individual's self-image and con- 
fidence, vMch eiffects how he or she performs and, subsequently, is 
viewed by si?)eriors. This leads to further reduction in e)5)ectations 
regarding his or her performance and further redaction in the indi- 
vidual 's opportunities to contribute to the organization. This 
situation has been the subject of a number of stixiies and innumerablt 
warnings and recommenaations by leaders of the national engineering 
ccamunity. Most recanmendations focus on the need to establish rather 
elaborate and e3q)ensive academicedly focused programs for the continu- 
ing education of engineers workirig outside the academic envirtxonent. 

In pursuing the reasons for the perceived obsolescence of older 
engineers frcan a performance point of view (viiich is wnat interests 
industry) , it was strongly suggested by the c mments of the executives 
interviewed that the problem of engineering obsolescence may be much 
simpler than has been thou^t. One executive summed it xjip this way: 

The real problem is that older engineers don't have an op- 
portunity to learn hew to use the new engineering tools that 
are being used in the universities, and they don't have a 
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gocxi means to keep up with "current events" of their partic- 
xilar engineering field. 

He further stated that the basic laws seldoa change; they are, instead, 
refined. Sonetlmes new applications or further esctension of the laws 
occur, but these ctenges do not of themselves make the older engineer 
obsolete. The lack of awareness of these changes and of the new tools 
available , seldom the lack of ocnprehension or basic engineering 
knowledge, seems to have the most significant iitpact on professional 
obsolescence. The inability to manipulate the new tools or "speak the 
current language" accelerates the erosion of self-confidence because 
the older engineer no longer ocnpar<as favorably with more recent gradu- 
ates. This seems to be a key issue in the evident waste of engineering 
talent in the Uhited States today. 

There is no question that this is, to some degree, an oversiirpli- 
fication of the problem* in terms of the percentage of engineers af- 
fected, hcwever, and the principal issues involved in engineering obso- 
lescence, it is probably a very useflil and perh24)s valuable insist. 

Need for Advanced Professional Training 

One additional aspect of training, mentioned by at least two of 
the interviewees, is the matter of advanced degrees. There is a soroe- 
v4iat limited tut very real market for master's axxi Ph.D. degrees in 
non-R&D jobs. The short si^^ply resulting from the reluctance of engi- 
neering students to make the persoml and economic sacrifices necessary 
to attain these degrees, particularly the Hi.D., forces these cowpanies 
to seek and recruit graduates of foreign universities (as opposed to 
foreign graduates of U.S. universities). It apparently does not seem 
practical to hire engii>eers with baccalaxareate or master's degrees to 
meet this deanand. This problem of additicaial professional education 
seems to vary almost in inverse prcportion to the proximity of the 
industrial establishment involved to a major engineering research 
uni\'ersity: the farther away, the greater the problem. 



SUMMAPY 

Scraev^aiere between 30 and 50 percent of the graduate ergineers 
working in the ccnpanies examined in this paper work in non-R&D jobs 
that vury frcci those involving considerable daily use of engineering 
kncwledge and skills to those requiring aliaost none, with the majority 
requiring less rather than itiore. Nonetheless, the ccnpanies have now 
and have had for a considerable time a policy of hiring newly graduated 
engineers for these jobs. Only a minority of graduate engineers in 
nonengineering assignments have gravitated from engineering to non- 
engineering assignmPTts in the years af jer hiring, and roost of those 
engineers move to jobs managing engineers rather than out of the engi- 
neering o}*it. 

In regard to the interchangeability (fungibility) of engineers 
working in non-R&D jobs and their ability to return to R&D engineering 
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assignments v*ien corporate or national needs and priorities change, 
cpinicais are uniform. Ihe degree of interdiangeability required to xise 
those non-R&D engineers in RiD-type assignments is considerably lim- 
ited, and the degree of that limitation varies in relation to the time 
since graduation. Clearly, there are exoepti<^ to this. In cases 
vhere the work assignment is R&D except in name and jAvstb, for viiatever 
reason, the individual engineer has kept his or her engineering knowl- 
edge and skills current, fungibility is hi^ier. Ihese cases seem to be 
the exertion, however, and probably do not account for more than 15 to 
20 percent of the non-R&D engineers. 

Ihe matter of assessing the quality of the non-R&D engineer as an 
engineer is also a problem withcxit an easy answer. For most engineers 
working in non-R&D jobs, particularly those with limited engineering 
content, the job performance measurement rarely considers the kind or 
quality of engineering input that contributed to job performance. In- 
stead, the individual is judged on the results aciiieved in carrying out 
a particular job assignment. Thus, a sales engineer is judged on suc- 
cessful sales and satisfied custcroers; the engineer in manufacturing 
management is judged an d^>artm£*Tt or factory performance; the engineer 
in a purchasing function is judged on the quality, cost, and reliabil- 
ity of the si^pliers whan he or she has selected. It is believed by 
the executives interviewed that engineering training is a significant 
factor in being able to do certain jobs well and in being able to do 
some jobs at all. It seems apparent that a search of performaix:e 
appraisals of most pec^le with engineering degrees working in other 
than a day-to-day engineering assignment will contain little or no 
specific reference to the quality of the er^ineering that the individ- 
ual is capable of. In fact, those "nonengineer" engineers are fre- 
quently evaliaated by nonengineers who have little or no basis for 
judging engineering quality. 

Ihere is no dottot that American industry wastes an important por- 
tion of \fdiat it has bou^t ar-^ paid for— that is, the engineers on its 
payroll— by acc^ing as fact technical obsolescence and by not addres- 
sing the problem of continuing education and training. Discussing this 
problem with interviewees has made it apparent that imiversities have 
not made continuing education, of the kind really required by engineers 
working in industry, easy to cone by. 

ThB issue of vAiether there are or will be enou^ engineers is dif- 
ficult to answer urder any circumstance, but it becomes iitpossible xin- 
til we know for idiat they will be needed. However, there is a strong 
circumstantial case that American industry could not function and com- 
pete effectively without the large number of graduate engineers v*x) 
work in non-R&D jobs, so intertiiangeability may not be as important an 
issue in the final anali-sis as seme authorities believe. In fact, 
there is scanne evidence to suggest thai: American industry may not use 
enou^ graduate engineers ir non-R&D jobs to be effective carpetitors 
in global markets. 
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